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The demand for electricity in Java and Bali, Indonesia
increases an average of 14\ per year. This condition forces the
electrical authority in Indonesia to consider various generation
alternatives, inclUding hydroelectric power, to meet the growing
demand. One alternative is improving reservoir operations of
existing hydro power systems so that improved production can be
achieved.
One such hydropower system considered in this thesis is the
series of three hydroelectric stations, saguling, Clrata and
Jatiluhur, on the Citarum river, West Java. At present these three
hydropower plants are operated by different authorities. They
developed the current reservoir operation guideline (CROG) based on
consensus. An average of assumed "normal" years of historical flm/s
are used to obtain the current rule curve. The estimation of annual
energy generated is then obtained based on the series of twelve
monthly flows of the average of the assumed "normal" year flows.
In this stUdy a simulation of reservoir operations was
performed using synthetic inflows into the reservoirs. The
synthetic flows were generated by a stochastic model that on
average preserved the statistical charac"teristics of both
historical annual and monthly flows. An auto-regressive moving
average model was used to model the annual flOWS, and the Method ot
Fragments and the 1'\Ilo-Tier method were examined to model the
monthly flows.
iii
Two rule curves were applied in the simulation of reservoir
operations. These were the CROC rule curve and the water resources
development guideline (WROC) rule curve proposed by the Water
Resources Development project. Two other Ih:iting rule curves were!
also examined. one assuming that the reservoirs are kept empty. and
the other assuming that the reservoirs are kept full. The operation
of the system was simulated using both historical and synthetic
inflow sequences, as well as the different rule curves, to e!valuate
the performance of the system.
The results showed that the preferred stochastic model for the
annual flows was an ARMA(2,O) mOdel, and for the monthly flows, the
Two-Tier model. The CROG rule curve was more suitable for the
system than that based on the WROG rule curve. From the reservolr
operation simulation it was found that on average the available
water in the citarum River was smaller than the installed capacity
of the Saguling, Cirata and. Jatiluhur plants. The results of the
simulation using synthetic flows could give more comprehensive
analysis than using only histor ical flows.
iv
Acknowledgements
I gratefully acknowledge the Government of Canada through erDA
and the Government of Indonesia through Ministry of· Public Work
(OPU) for providing financial assistance for this Master of
Engineering Program. I also wish to thank Prof. Caspar Booy of the
University of Manitoba who has provided his efforts for the success
of the program.
I also express gratitude to Memorial University af
Newfoundland, all members and staff of the Faculty of Engineering
and Applied Science and especially to my supervisors. I express my
deep sense of gratitude to Dr. Leonard M. Lye for prOViding
valuable guidance, assistance, encouragement and willingness to
allow me to pursue my own ideas, and for showing me the usefUl
technique of stOChastic hydrology. My special thanks also go to Ms.
Susan Richter for providing guidance and for showing me the
techniques of reservoir operations. I also wish to thank Dr. David
Hansen and Dr. Gary Sabin for providing guidance in computing \.Iork.
I am grateful to all friends, colleagues, relatives, and
whoever have provided support and assistance for the success of
this program. To my wife Achadiyani Agung, and my children Tami.
Fajar and Arif, I express my warm appreciation tor their patience.
understanding and support. Last but not least. I thank God who gave
me time and space for life, independency and freedom of thinking,










1.2 Objective ot the Study
1.) Method of Research




2 Description of study Area . . • • . • • • • . • •. 10
2.1 Introduction . . 10
2.2 Reservoir and Hydropower Plant Characteristics 10
2.2.1 system Configuration ., . 10
2.2.2 Reservoir Characteristics. . . . 13
2:.2.3 Hydropower Plant Character is tics 14
2.3 climate and Hydrology • . • . 15
2.4 Current Reservoir Operations 17
vi
3 Stochastic Modelling ot Flows. • • • • • • • 21
).1 Introduction 21
).2 Statistic:al Analysis of Historical Flows 21
).2.1 Time Series and Moving Average Plots 21
).2.2 Statistical Characteristics of Hiliitorical
Annua 1 and Monthly Flows • . .
).) Stochastic Modell1ng of Annual FloW's
).).1 Preliminary Analysis and Model
Identification •....
) . J. 2 Estimation of Parameters
). 3.) Model Tests . . . . . . .
3.4. Stochastic Modelling of Monthly Flows
3.4.1 Method of Fragments
3.4.2 Two-Tier Model •.
3.4.) Analysis of Results





4.4 citarUln simulation Model (CTR-SIMOD)
5 Results and Discussion
5.1 Introduction .•.




















5.3 Annual Energy Generation .
5.4 Variation in Monthly Energy Generation
5.5 Load Factors of the Citarum Plants
5.6 Reliability Curves ••...•.
5.7 Comparisons of Energy Estimations
, Conclusions and Reco_endationa
6.1 Conclusions ..
6.2 Recommendations
Appendix A Historical Annual and Monthly Flows ot
the citarWll. River at Nanjung
l.ppendix B statistical Characteristics of the
Historical Plows
l.ppendix C Exa.pla of the PPCC Tellt
Appendix D Hinitab Proqraa Listinq
l.ppendix E Graphs Resulting fro. th. S!aulation of
Reservoir operations
l.ppendix F Proqr... Listinq of tile citarua Stochastic
Hodel (CTR-STOCKMOD)




















1-1 Energy prOduction of the Java and 8ali System ..
1-2 Number of units of generator in the Java and Bali
Power System
1-3 Installed capacity of generating plants in the Java
and Bali Power system .
2-1 Water level and the storage capacities of the
5039u1ing, eirata and Jatiluhur Reservoirs .. . 13
2-2 Constants a, and b j , in Equation 2-1, and Cj , d; and
e, in Equation 2-2 far the 503gu11n9, eirata and
Jatiluhur Reservoirs (NEWJEC 1988) . • . . . . .. 14
2-3 Characteristics of the Saguling, eirata and Jatiluhur
Hydropower plants (NEWJEC 1988)
2-4 Evaporation coefficients for the saquling, eirata
and Jatiluhur Reservoirs . . . . . . . . . . . . 17
2-5 Five classifications of historical annual flows of
the Cltarum River at Nanjung . • 19
)-1 Summary of Barlett's and Anderson's tests for the
historical annual floW's . . . . . . . . . . . .. 27
)-2 SUJl'.mary of the stochastic annual floW' models and the
respectjve values of r of residuals, AIC(p) and MS. 30
)-3 Summary of the results of simulation for ARMA(2,O)
stochastic annual floW' model . . . . . . . . . . .. 31
3-4 Summary of the transformation for the historical
monthly flows of the Citarum River at Nanjung. 36
3-5 Means, standard deviations and coefficients of
correlation of transformed flows J6
3-6 comparisons of the Method of F'raqments and the Two-
Tier Method for generating synthetic monthly flows 38
4-1 Estimated parameters produced by simulation using
the CTR-SIfIOD . .
5-1 Summary of results of the annual parameters and the
related annual energy generation • . . • . . . .
5-2 Load factors of the Saguling, Cirata and Jatiluhur
Plants









1-1 Map of Indonesia
1-2 Location of Study Area.
1-) Method of research . .
2-1 Citarum Multi-Reservoir SystElm
2-2 Profile of the Citarum River from the 5agu1ing
Reservoir to the Jatiluhur Reservoir .
2-3 Drainage area of the citarum River.
2-4 CROG and WRDG for the saguling, Cirata and Jatiluhur
Hydropower Plants .
3-1 Scatter and a 9-point moving average diagram of the





Nanjung . . . . . • . . . • . • . • • . . •
)-2 Auto-correlation function of the historical annual
•• 22
•• 24
flows of the Citarum River at Nanjung .. • . .. . 23
3-3 Partial auto-correlation function of the historical
annual flews of the Citarum River at Nanjung • . . 23
3-4 Historical monthly flows of the Citarum River at
Nanjung for the periods of 1928-1987 . • . • ..
)-5 Average of the 60 years of the historical monthly
flows of the Citarum River at Nanjunq .. . . .. 24
)-6 Barlett's and Anderson's tests for the ACF of the annual
flows of the Citarum River at Nanjung
xii
•••• 28
)-7 Barlett's and Anderson's tests for the PACF of the
annual flows of the Citarum River at Nanjung . . 28
4-1 Schematic of hydropower dam . 4J
4B
4-2 Illustration of the application of a rule curve 44
4-) Schematic of the Citarum Hydropo",er Plant System,
showing definitions of variables as used in
equations 4-1, 4-2, 4-J and 4-4 .
4-4 Five possible outcomes of calculated water available:
4-4 (a) Calculated ....ater available is negative ....
4-4 (b) CalcUlated water available equals to zero. 54
4-4 ec) Calculated ....ater available is greater than zero but
smaller than minimum turbine flow
4-0; (d) CalCUlated water available is greater than minimum
turbine flow but smaller than maximul'l turbine flo.... 55
4-4 (e) Calculated ....ater available is greater than maximum
turbine flow and: (1) reservoir storage is smaller
than maximum reservoir storage, (2) reservoir
storage is greater than maximulll reservoir storage 56
5-1 Energy generation of the Saquling Hydropo....er Plant 65
5-2 Inflows to the saguling Reservoir . . . . . . 65
5-3 Heads on the sagullng Hydropower Plant . . . . 66
5-4 Turbine flo....s for the Saguling Hydropower Plant 67
5-5 spill flows from the Saguling Reservoir . . . . 68
5-6 Energy gQneration of the Citarum Hydropower System 70
5-7 Energy generation of the Saguling Plant using the
CROG rule curve . . .
xiii
.. 7J
5-8 Energy generation of the Cirata Plant using the
CROG rule curve •. . . •...•• . • 74
5-9 Energy generation of the Jatiluhur Plant using the
CROG rule curve ... . . . • • . • • • • . • .. . 75
5-10 Total energy generation of the Citarum Hydr:opower












- constants for equation 2-l
- reservoir surface area at the beginning of month t
- reservoir surface area at the end of month t
- Area Control Centre
- auto-corralation function
- Akaike Information criterion
- auto-reqressive moving average model
- least square regression coefficient for
estimating the (j+ll" flow from the j" flow
Cj. d;. et - constants for equation 2-2
c'i(I) - coefficient of evaporation of month t
CRCG - current reservoir operating gUideline
C, - coefficient of skewness
CTR-SIMOD - CitarutlI Simulation Hodel





- evaporation coefficients of month t
- evaporation from reservoir i during month t
- acceleration due to gravity (9.81 m/sl )
- Giga Watt hour















- full supply level
- node
- inflow to reservoir i during month t
- Interactive River syst~lII Simulation
- intermediate supply level
- Java Control Centre
- Hurst's coefficient
- low supply level
- maximum likelihood method
- mean square error
- normal
- partial auto-correlation function
- energy generations during month t
- Perusahadn Listrik Negara (the state electric
corporation)
- plant installed capacity
- probability Plot COl.'relation Coefficient
- spill flow from reservoir i during month t
- turbine flow of hydropower plant during month t
- maximum turbine flow
- available water of month t
- serial correlation coefficient of month j
- auto-correlation coefficient of lag-k
- standard deviation of historical tkvs of month j+l
- very dry







volume of reservoir i at the end of month t








Yl~ generated monthly flow
I'll) - generated annual f low in year t
z (5\) 5t signifir';, ~_t level of z
Zl~ - norlUal random variate with mean zero and varii\nce
unity
• mean of historical flows of month j
<, independent stochastic component
- transformation parameter





Water: too .uch, too little, too dirty. These are some of the
problems of management and planning in wt.ter resources development
(Louck.s et al •• 1981). The Indonesian government has realized that
good water resources planning and management 1s one of the key
factors in obtaining optimal benefits from the available water
resources in the country. Indonesia consists of five large islands
and hundreds of small islands. The large islands are Java, Sumatra,
Kalimantan, Sulawesi and Irian Jaya (see Figure 1-11. One of the
water resources projects in West Java is the cisadane-cimanuk
Integrated Water Resources Development (WRD) Project (OGWRD, 1988),
described below.
1.1 General Description
The development of the hydro electric power system on the
citarum River is part at the WRD project, under thO! Directorate
General Water Resources Development (DGWRDj of the Indonesian
Government in West "<lova, Indonesia. The program is divided into
six areas (see Figure 1-2), namely:
Area 1: Northern 8anten,










Area 4: Upper Jatiluhur,
Area 5: Cimanuk,
Area 6: Cisanggarung.
This study concentrates on the citarum Area. The main river in
this area is the Citarum River Which is located about 50 km from
Bandung and 100 km from Jakarta. There are three dams on the
Ci tarum Ri ver:
the saguling Hydroelectric Power Dam,
the Cirata Hydroelectric Power Dam, and
the Jatiluhur Multipurpose Dam.
These three hydropower installations are connected to the Java and
Bali Electric Power system.
The demand for electricity in Java and Bali from 1983/1984 to
1988/1989 has increased, on average, at the rate of 14\ per year
(Sihombing et al., 1990). This demand has increased rapidly because
electrit;ity is one of the essentials for the rapid industrial
development that has also occurred in this decade. If this rate of
increased demand remains constant, the power demand 7 years from
now will be more than twice of the demand this year. The energy
production, the number of generators and the installed capacity in
the Java and Bali System is shown in Tables 1-1, 1-2, and 1-3,
respectively. These tables show that the power system is
predominantly thermaL The hydroelectric energy generation might be
always firm under the load curve. Therefore the comparisons of rule
Table 1-1: Energy production of the Java and Bali Power system
(Sihombing et aI .• 1990)
Power Plants 1988/89 1989/90 1990/91
Energy (GWh) Energy (Gwh) Energy (Gwh)
Hydro 3958 5304 4786
Thermal (Oil) 7372 6181 8170
Thermal (Coal) 6283 9215 10024
Diesel 85 81 165
Gas Turbine 370 158 373
Geothermal 1013 1007 980
Sub~total 19081 21946 24498
supplied (bought)
from:
Jatiluhur 654 7'5 860
Brantas 605 748 717
Krakatau Diesel 15 35 0
Tot a 1 20354 23504 26075
Table 1-2: Number of units of generator in the Java and Bali Power
system (Sihombinq et aI., 1990)
Power Plant Area 1 Area 2 Area 3 Area 4 Total
Hydro 32 19 23 80
Thermal (Coal) •Thermal (Oil) '0
Geothermal 3
Gas Turbine 13 5 26
Diesel 4 11 15
Total J6 3. 26 47 148
Table 1-3: Installed capacity of generating plants (MW) in the Java
and Bali Power system (Sihombing et aI., 1990)
Power Plant Area 1 Area 2 Area 3 Area 4 Total
Hydro 33 1412 '76 238 1960
Thermal (Coal) 1600 1600
Thermal (Oil) 850 JOO 750 1900
Geothermal 140 140
Gas Turbine 400 80 75 112 667
Diesel 10 76 '6
Total 2893 1632 652 1177 6353
curves to get maximum energy generation is an appropriate
consideration.
Table 1-2 shows that there are 80 hydropower plants in the
Java and Bali Power System. The installed capacity or eight or
these plants ranges from 125 to 175 MW. The other 72 plants are
smaller than 125 HW. Included in the eight larger units are the
saguling, Cirata and Jatiluhur hydropower plants. The Hydroelectric
stations in the CitarulI\ River provide 15\ of the total energy and
21% of the capacity of the Java and Bali system. The Jatiluhur
plant has been producing electricity since 1965. The Saguling plant
has been in operation since 1986, and the Cirata plant has been
fully operational since 1989. The Saguling and Cirata plants are
operated under the authority of the State Electricity corporation
of the Department of Mines and Energy. The Jatiluhur plant is under
the authority of the Jatiluhur Project of the Department of Public
Works of the Indonesian government.
To operate the power plants on the CitarulTl River, the two
institutions meet regularly. Every month the record of reservoir
operations tor the previous month is examined so as to plan the
reservoir operations for the coming month based or, operating
guidelines. The authorities determine the operating guidelines of
the reservoirs by consensus, assuming an average of "normal" year
of historical flows. Since this procedure estimates only one value
of annual power generation, the reliability of estimated annual
power generation in the long term cannot be predicted.
1.2 Objecti,e of the Study
The objective of this research was to study the operational
behaviour of the hydro power system in the citarum River. Included
in this objective were the follo.... ing tasks:
1. to develop a stochastic model of the monthly flows of
Citarum River at Nanjung,
2. to obtain a reliability curve for the annual energy
generated by the system,
3. to exami ne the performance of the current operating
guideline that is used by the authorities and that is
proposed lJy the WRD project,
4. to study the characteristics of the saguling, cirata and
Jatiluhur hydropower plants in general.
To meet with the above objectives, a model that simulates the
operation of the series of three reservoirs is needed. This thesis
describes such model and its use in achieving the objectives.
1.3 Method of Research
simulation is widely used for the planning, management and
operation of water resources systems. simulation can be used to
estimate the parameters of interest of a system for many given
scenarios.
In this study the operations of the Citarum hydropower system
were simulated mathematically. synthetic infloW's to the simUlation
model were ~<!nerated by a stochastic model that preserved the
statistical characteristics of the historical flows. By using
series of synthetic inflows the performance of the hydropower
system can thus be studied, in particular, the reliability of
annual energy generation for a given rule curve can be observed.
Two rule curves were examined in the simUlation: the rule curve
that is currently used by the authorities, and the rule curve that
is proposed by the WRC Project of the water Resources Development
in the Citarum Area. In addition two other rule curves, the empty
reservoir rule curve, assuming all reservoirs are empty, and the
full reservoir rule curve, assuming all reservoir are full, were
also simulated as limiting cases. Hence, rule curves with their
corresponding reliability curves could be obtained. Finally, the
results were analyzed and comparisons were made (see Figure 1-3).
1.4 Thesis Outline
The general description of the problem and development of the
hydro electric power system in the Cit.arum river have been
presented in this chapter. Next, the climate and hydrology of the
study area are given in Chapter 2. In Chapter 3, stochastic
modelling of monthly and annual flows is discussed. In the Chapter
4, reservoir operations are discussed. This chapter contains the
description of the model used, reservoir operation software and the
applications of the simulation method. The discussion of the
resUlts is presented in Chapter 5. Conclusions and recommendations
are presented in Chapter 6. Histor ical data and listing of programs
are presented in appendices.












I series ot synthetic IMonthly Flows
J
Simulation ot Reservoir operations O'sing:
(1) current Reservoir operation Guideline Rule Curve
(2) Water Resources Development Guideline Rule Curve
(3) Empty Reservoir Rule Curve
(4) Full Ruservoir Rule Curve
J




Figure 1-3: Method of research
Chapter 2
Description of Study Area
2.1 Introduction
This chapter presents a description of the multi-reservoir
hydropower system on the CitaruT.l River in West Java, Indonesia. In
addition, this chapter describes the existing reservoirs and
hydropower plant characteristics, the climate and hydrology. and
the present system of reservoir operations.
2.2 Reservoir and Hydropower Plant Characteristics
In this section the system configuration, reservoir data and
hydropOWl!r characteristics are described.
2.2.1 System configuration
The system configuration of the Citarum multi-reservoir
system is shown in Figure 2-1. The 5agu11ng is the most upstream
reservoir, the middle reservoir is the cirata, and the most down-
st_"eam reservoir of the system is the Jatiluhur. Figure 2-2 shows
the profile of the cHarum River from the Saguling to the Jatiluhur
Reservoirs. There are no channels flowing out of the system.
Therefore, the water that leaves the saguling reservoir
10
figure 2-1: Citarum Multi-Resorvoir Systelll
11
Figure 2-2: Profile of the Citarum River from the saguling
Reservoir to Jatiluhur Reservoir
through the turbines (or over the spillway) flows directly into the
Cirata Reservoir, and the water that leaves the Cirata Reservoir
through the turbines (or over the £'piUway) flows directly into the
Jatlluhur Reservoir. There is an irrigation area downstream of the
Jatiluhur Reservoir. The water for irrigation is taken from the
Citarum River just downstream of the Jatiluhur Hydropower Plant.
In this study the parameter of interest is the annual energy
generation of the hydropower system of the Citarum River. All water
that is used tot' the hydropower plants flows back to the river and
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the annual water demand for irrigation is not significantly
affected by the operation of the hydropower plants. Therefore, it
was not necessary to take into account the water demand for
irrigation in this stUdy.
2.2.2 Reservoir Characteristics
Reservoir capacities are presented in Table 2-1. For
convenience the surface area of a reservoir can be expressed
reservoir storage in the form of a power function:
(2-1.)
in which:
Ai = reservoir surface area of the reservoir i (10~ mll,
Vi "" reservoir storage of the reservoir i [10~ m)),
ai' b i "" constants for the reservoir 1.
The constants ai and b j for each reservoir are presented in Table 2-
2 as determined by NEWJEC (1988).
Table 2-1: Water level and the storage capacities of the Saguling,
Cirata and Jatlluhur Reservuirs (NEWJEC, 1988)
Descriptions Saguling Cirata .1atiluhur
Full supply levels (m) 643 220 107
Low supply levels (m) 623 20S 90
FSL volumes (10~ ml ) .., 1973 3000
LSL volumes (106 mJ ) 272 1177 1200
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2.2.3 Hydropower plant characteristics
Hydropover plants may be characterized by various
parameters, including maximum plant capacity, plant efficiency,
minimum and maximum heads, and the mi~imum and maximum turbine
flows. Table 2-3 sho....s the maximum plant capaci ties, the plant
efficiencies, and the minimum turbine flows of the Saguling, Cirata
and Jatiluhur Hydropo....er Plants. In general, the water head may be
expressed as a function of the reservoir volume. The variation in
tail water level is small relative to the total head. Therefore, in
this stUdy, it was assumed that the water head is not a function of
tail water level. This is given by:
(2-2)
in which:
H; ... head of the reservoir i [m),
V; - reservoir storage of the reservoir i [10~ m"l 1 •
c" d" e l >= constants for the reservoir i.
The constants c j ' dl and e j for each reservoir are given in Table 2-2
(NEWJEC, 1988).
Table 2-2: Constants of aj & b; in the Equation 2-1, and c il d j & e;
in the Equation 2~2 for the saguling, Cirata and




















Table 2-): Char~cteristics of the 5a9ulin9, Cirata and Jatiluhur
Hydropower Plants (NEWJEC, 1988)
Descriptions Saguling eirata Jatiluhur
Max. plant capacities (MW) 715 518 175
Plant efficiencies C'I 0.835 0.816 0.870
Min. heads Cml 371 102 64
Max. heads Cml 391 117 81
Min. turbine flow (10~ ml ) 147 315 315
Max. turbine flot. (106 ml ) 586 1453 665
Tail water level (ml 3 2 1
2.3 Climate and Hydrology
The climate of the citarum river basin is dominated by t\.lO
seasons, the dry season and the wet season. The seasonal rainfall
distribution, which relates to the seasonal flows, is affected by
the monsoons. The dry season is from May to October and is caused
by the movement of the dry southeast monsoon. The wet season occurs
during the remaining months, which is caused by the movement of the
wet nortQeast monsoon. Evaporation increases during the dry season
and decreases during the \.let season.
In this study, the historical inflow sequence, and the
coeff icients of evaporation \.Iere taken from the report on the
operation guidelines for the saguling, eirata and Jatiluhur
ReSBrvoirs for the years 1990-1991 (5uladjiono, 1990). The eitarum
River flows at Nanjung for the period 1928 to 1987 are presented in
Appendix A. Inflows to the 5agulin9 Reservoir and local inflows to
the cirata and Jatiluhur Reservoirs were calculated by mUltiplying
the flows of the citarum River at Nanjung by constants. These flow
15
constants were calculated based on a comparison of drainage areas,
as shown in Figure 2-3. The flow constants for the Saquling
inflows, the local cirata inflows and the local Jatiluhur inflows
were taken as 1.3, 0.63 and 0.33, respectively.
r
Figure 2-3: Drainage area of the Citarum River
The coefficients of evaporation were determined by
simulating inflows (in volume units) to a reservoir and comparing
with the reservoir volume for each month. The difference in the
reservoir volume between inflow and actual additional volume into
the reservoir in the related month was defined as water that was
16
lost to evaporation. The evaporation was then compared with the
related reservoir surface area (in square metres) to obtain the
evaporatir, coefficient (in metres) (Kananto, 1992). The
evaporatiL .5 were calculated using the following equation.
(2-31
in which:
Ei - evaporation of the reservoir i (106 mll,
A; = surface area of the reservoir i (106 mIl,
C,i:> evaporation coefficients of the reservoir i (see
Table 2-4).
Table 2-4: Evaporation coefficients for the 5agu11ng, Cirata and
Jatiluhur Reservoirs (Suladjiono, 1990).
Months c oi of Col of c oi of
saguling (m) cirata (m) Jatiluhur 1m)
May 0.12 0.12 0.12
June 0.12 0.12 0.12
July 0.12 0.12 0.12
August 0.12 0.12 0.12
September 0.12 0.12 0.12
October 0.09 0.09 0.09
November 0.06 0.06 0.06
December 0.06 0.06 0.06
January 0.06 0.06 0.06
February 0.06 0.06 0.06
March 0.06 0.06 0.06
April 0.09 0.09 0.09
2.4 Current Reservoir Operations
The reservoir operation guidelines used in the Citarum
project at present are determined by the requirements of the Java
17
and Bali power systems. The electric power system in Indonesia is
authorized by the state electric corporation, known as the
Perusahaan Listrik Negara (PLN). The PLN is responsible for the
operation, transmission and distribution of electricity. However,
mUltipurpose dams such as the Jatilunur and the Brantas dams, which
have hydropower plants, are exceptions. These reservoirs are
operated by the Department of Public Works.
The Java and Bali power systems are divided into four
operational areas: West Java, western West Java, Central Java, and
East Java (inclUding the island of Bali). Each area has an Area
Control Centre (ACC), and these ACC's are controlled by the Java
Control Centre (JCC). The ACC's are responsible tor the
coordination of power system operations in their respective areas.
The Saguling, Cirata and Jatiluhur hydropower plants are
coordinated by the ACC of West Java, which is located in Jakarta.
The main job of the ACC is to control system operations.
caily, week.ly and monthly scheduling of reservoir operations are
done by the ACC, based on load forecastir.g that is done by the JCC.
The main function of the Jec is daily load forel..'asting, hydropower
scheduling, and thermal unit commitment, based on the daily data
from the system. The data for the JCC is sent one day ahead to the
JCe by each ACC, using facsimile and computer networks, between
08.00 am and 10.00 am. Instructions are sent back on the same day,
as operation statements, between 16.00 pm to 17.00 pm to all ACC's.
Therefore, the daily scheduling decided upon by the Jee is received
by the ACe's about seven hours before real-time operations. These
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real-time operations are finalized by matching load-forecasting
",lth the forecasting of monthly power capacities. The forecasting
a! monthly power capacities is developed using the existing
reservoir operation guidelines, which are ostensibly based on
optimal forecasting ot the annual power capacity.
At.present the reservoir operation guidelines are developed
as follous. The historical flows are divided into five
classifications, as shown in Table 2-5. Twelve monthly flows of the
average of the "normal flows" of the historical data were obtained.
These monthly flows were then used to obtain the guidelines for
reservoir operations of the 5aguling, cirata and Jatiluhur
Reservoirs (Suladj lono, 1991). The current reservoIr operating
guidelines (CROG) for thA !=>agu!inq, Clrata and Jatiluhur Hydropower
Plant are presented in Figure 2-4 (a), (b) and (cl. The water
resources development gUidelines, the guidelines proposed by the
Water Resources Development project, are also presented. in the same
figures. These guidelines are the two ot the rule curves examined
in Chapter 4.
Table 2-5: Five classifications of historical annual flows
(Adji, 1989)
No. Classifications prObability
Very dry (0 - 20)\
Dry (20 - 45)\
Normal (45 - 55)'
Wet (55 - 80)\
Very Wet (80 - 100)\
,.
Figure 2-4 (a): CROG and HRDG for the Saguling Hydropower
PlantIr"·· . ::],);j- ~ ..//
i: ~
_. - .' - - - - - - .- -- -
Figure 2-4 (b):
Figure 2-4 (c):
CROG and WRDG for the Cirata Hydropower Plant
... .. . .... I
- .. - .. - ....
-
~­.~




Stochastic Modelling of Flows
3.1 Introduction
This chapter discusses the three stochastic models that were
used to simulate the annual and monthly flows of Cltarum River at
Nanjunq. Fiest, the statistical analysis of historical flows is
presented. Second, the stochastic modelling of the annual floW's is
examined. Third, the stochastic modelling of monthly flows is
discussed. Finally, the rationale for the selection of the
stochastic models used is described.
3.2 Statistical Analysis of Historical Flows
This sub-section dist.:usses the statistical analysis of the
historical data of annual and monthly flows of the Citarum River at
Nanjung. In the first stage, moving average plots of both annual
and monthly flows are presented. In the second stage, the annual
flows are analyzed and then the monthly flo....s are examined in the
next stage.
3.2.1 Time series and Hovinq JWeraqe Plots
A scatter diagram of the historical annual flows versus time
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Figure 3-1: Scatter and a 9-point moving average diagram of
historical annual flows of the Citarum River at
Nanjung
was plotted (see Figure 3-1). To have more understanding of the
flows, a 9-point moving average diagram was plotted in the same
scatter diagram. From these plots it was evident that points above
the mean were likely to be followed by other points above the mean,
and that points below the mean were likely to be followed by other
points below the mean. It was therefore expected that the
historical annual flows had a high coefficient of correlation. The
auto-correlation function (ACF) and partial auto-correlation
function (PACF) of the flows are presented in Figures 3-2 and 3-3
respectively. The ACF and PACF are dimensionless.
The historical monthly flows and the average of the 60 year
monthly flows versus time are presented in Figures 3-4 and 3-5.
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Figure 3-2: Auto-correlation function of
the historical annual flows of
the citarum River at Nanjung
~ .,
Figure 3-3: partial auto-correlation
function of the historical







Historical monthly flows of the Citarum River at
Nanjung for the periods of 1928-1987
'J\.) nl.7
Average of the 60 years of the historical
monthly flows of the citarum River at Nanjung
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It was evident from these plots that the low flows (the dry season)
are from May to October and the high flows (the wet season) are
from November to April.
3.2.2 statistical Characteristics ot Historical Annual and
Montbly Flows
The statistical characteristics of the historical annual and
monthly flows of citarum River at Nanjung are presented in Appendix
B. The minimum, mean, maximum and standard deviation of the annual
flows are 886, 1990, 3525 and 568 million cubic metre respectively.
The coefficient of skewness, the lag-l auto-correlation coefficient
and the Hurst cClefficient are 0.16, 0.28 and 0.86 respectively. It
is important to note here that the means of monthly flows in July,
August and September are low (67, 48 and 46 million cubic metre)
the standard deviations are relatively high (59, 52 and 48 million
cubic metre), the coefficient of skewness are relatively high (1.9,
3.2, and 1.7).
3.3 Stochastic Modelling of Annual Flows
In this study, the Box-Jenkins approach was used (Salas, at
al., 1988). In general, stochastic modelling of annual flows using
the Box-Jenkins approach consists of three stages. These are:
(1) preliminary analysis and model identification,
(2) parameter estimation, and
(3) model testing.
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3.3.1 preliminary Analysis and Model Identification
There are five steps in the preliminary analyses and model
identification. First, the normality of the annual flows is
examined. Second, if the data is not normal, transformation of the
non-normal data into normally distributed data is necessary. Third,
the sample correlogram of the annual flows (rle:>.:.)) versus time-lag
k is plotted. Fourth, partial auto-correlation versus time lag-k is
also plotted. Finally the identif ication of the best stochastic
model is performed.
Herein, the normality test was based on the Probability Plot
of Correlation Coefficient (PPCC) test (Lye, 1992). It was found
that the probability plot correlation coefficient of the annual
flows ern) is 0.986, and the critical value of the probability plot
correlation coefficient for a sample size of 60 and at significance
level of 5\ (r (OS; 60) 1 is o. 9S5. Therefore it could be concluded
that the annual flows of Citarum River at Nanjung could be fitted
by a normal distribution.
The transformation to the normal distribution was therefore
not necessary. The correlogram and the pa?:tial correlogram of
annual flo....s were determined and plotted (see Figures J-2 and J-J
respectively). Two kinds of independence tests were used in this
stUdy: non parametric tests and parametric tests. The non-
parametric test used was the Ranked Von-Neumann Ratio Test. It was
found from this test that the absolute value of Ranked Von-Neumann
parameter (11.J07) was greater than 1.96 (<:(5%). From this test,
it was concluded that the flows were dependent. The parametric test
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were 8arlett's Test and Anderson's Test. A summary of the results
of applying Barlett's and Anderson's tests are presented in Table
3-1.
The graphs of Barlett's and of And.erson's tests are shown in
Figures 3·6 and 3-7. It was concluded from the non-parametric and
the parametric tests that the annual flows of Citarum River at
Nanjung were dependent. Figures 3-6 and 3-7 also indicate that the
Values of ACF and PACF are significantly greater than Barlett's and
Anderson's lines in time lag-l and 2. Therefore it was concluded
that a Box-Jenkins model; such as an ARMA(2,0), ARMA(l,l),
ARMA(1.2), ARMA (2,2), ARMA(2,1} might be appropriate for modelling
the flows.
Table 3-1: Summary of Barlett's and Anderson's tests for the
historical annual flows of the Citarum River at
Nanjung
No Auto-correlation of: Barlett Anderson
lag-l (rIl 0.288 0.250 0.240
lag-Z (r2) 0.406 0.250 0.242
lag-3 (r3) 0.229 0.250 0.244
lag-4 (r4) 0.149 0.250 0.246
3.3.2 Estimation of Parameters
The estimation of pltrameters was performed using the method of
maximum likelihood (MLE). computed using Minitab (Minitab Reference
Manual, 19S9). The possible models art! presented in Table 3-2. The
Minitab program used to estimate parameters by maximum-likelihood




Barlett's and Anderson's tests
for the ACF of the annual flo.....s
of the citarum River at Nanjung
Barlett's and Anderson' s tests
for the PACF of the annual flo.....s
of the citarum River at Nanjung
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3.3.3 Hodel Tests
There were several tests available to choose the optimal
model. These were mean square errors (!'IS) and residual analyses.
parsimony and optional tests based on Monte Carlo methods. The MS
test shows how well the model fits the data. Residual analysis is
used to test the normality of the residuals. The parsimony test is
used to choose the best model based on the number of variables and
the value of the mean square error.
In this study the MS was obtained from the parameters
estimated using the maximum likelihood method. The normality of
residuals was analyzed using the probability plot correlation
coefficient test and the parsimony test was examined using the AIC
(Akaike Information criterion). These results are presented in
Table 3-2. This table sho\oJs that the smallest values of the MS and
the AIC(p) are associated .... ith the ARMA(2,O) model. This model also
has normal residuals. Hence the ARMA(2,0) was concluded to be the
preferable model. The ARMA (2,0) model of the annual flows of
Citarum River at Nanjung is given by the following equation:
(3-1)
where:
generated annual flows in year t, t-1 and
t-2 respectively,
a l "" 0.1758,
a1 '" 0.3737,
f, ... N (900.37, 520.422)
2'
Table 3-2: Summary of the stochastic annual f low models and
the respective values of r of residuals, AIC(p) and
MS
No stochastic Models AIC(p) r of MS
residuals
ARMA(2,0) 754.55 0.972 270839
ARMA,( 1,1) 757.72 0.969 285499
ARMA(1,2) 758.01 0.970 277494
ARMA,(2,2) 760.57 0.971 280078
ARMA (2,1) 757.54 0.970 275303
Monte carlo simulation was used to check whether the ARMA(2, 0)
model on average could reproduce the sample mean, sample standard
deviation, coefficient of skewness, first and second order auto
correl:lt'.ions, and the maximum and minimum of the historical flows.
since the number of the years of historical flows was 60, the
number of the generated flows was also 60. The number of
replications used in this simulation was 1000. It was found on
average that the mean from the model was a little t.oo low and the
standard deviation was a little too high, hence adjustment to the
mean and standard deviation were made for a better match. The
corrected equation of ARMA(2,O) for the annual floWS of the citarum
River at Nanjung is shown in Equation 3-2.
Y.. (tl·O .1758 Y.. le-ll "O. 3737 Y<1(t'2J +943.87 "478. OS6ze (3-2)
where:
Z, N N(O,I).
The result summary of the simulations is shown in Table 3-3.
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Table )-3: Summary of results of simulation of ARHA(2,0)
stochastic model the annual flows of the citarum
River at Nanjung (number replications 1000)
No Moments Historical Generated Lower Upper
flows flows Bound Bound
(106 ml) (106 mJ )
N 1990.775 2013.878 1705.388 2322.368
573.597 556.153 437.097 675.2087
C. 0.169 -0.079 -0.746 0.588
r1 0.289 0.195 -0.166 0.556
<2 0.406 0.405 0.162 0.647
K 0.868 0.754 0.620 0.687
Minimum 886.700 685.222 158.778 1211.665
Maximum 3525.100 3260.819 2764.829 3796.609
Based on the 95% confidence limit tests it was concluded that
ARMA (2,0) stochastic model could reproduce the statistical
characteristics of the historical flows. It is ir.,portant to note
here that the Hurst coe!f icient (10:) for the historical flows was
very close to the upper bound value. The high Hurst coeff icient
suggest that long-term persistence may be in the time series, and
this required a long~memory model (Me Mahon and Mein, 1985).
However, since the Citarum multi-reservoir system (Saguling, Cirata
and Jatiluhur) is filled every year, a Short-memory stochastic
model was chosen.
3.4 Stochastic Modelling of Monthly Flows
The important criterion in modelling monthly flows is that
the model should preserve both the characteristics of the monthly
31
and the annual flows. Two methods were applied in this study: the
Method at Fragments and the Two-Tier model <Mc Mahon and Mein,
1985). Theoretically the fragments method would preserve
characteristics of the annual flows; the. characteristics of monthly
flows would then need to be checked. To apply the method of
fra9lllents, the ARMA (2,0) stochastic model was first used to
generate synthetic annual flows. The annual generated flows were
then disaggregated to get monthly synthetic flows.
The Two-Tier model, which is a modification of the Thomas-
Fiering model (Thomas and Fiering, 1966), is based on making
adjustments to the monthly generated flows produced by the Thomas-
Fiering model such that the sum af the monthly generated flows
matched the annual synthetic flows produced by the stochastic
annual model (Harms et al., 1967).
3.4.1 Method of Fr&gtIl8nts
The Method of Fragments is one of the so-called disaggregation
models. The steps used to generate monthly flows using the Method
of Fragments are as follows (Hc Mahon and Mein, 1985).
First, the observed monthly flows were standardized year by
year using the corresponding annual flow volumes. The
standardization of monthly flows for each year was then considered
to be a fragment. Second, the annual flows from the observed data
....ere ranked in ascending order. Third, classes were formed, where
the number of classes was equal to the number of observed data
(60). The value of class 1 (the lowest class) was zero and the
J2
value of class 60 had no upper limit. Third, annual flows were
generated using the appropriatp. model (ARHA{2,O) for annual flows) .
Fourth, the generated annual flows were checked individually to
determine the appropriate class for each flow. Finally the
generated annual flows were disaggregated using the corresponding
fragments.
3.4.2 Two-Tier Model
Before discussing the Two-Tier model, the Thomas-Fiering
seasonal model is examinl!d. The equation of the Thomas-Fiering
(Thomas and Figring, 1966) seasonal model is as follows:
where:
Y"Ii+II' YIIrIl;1 => generated flows during the (i+1)'" and i lb
seasons reckoned from the start of the
synthesized sequences,
)(",;.1)' Xonul = mean flows during (j+1)" and j'" seasons within
a respective annual cycle of seasons. Since
the "seasons" which model.led here were
months, 1 S j :s 12,
least squares regression coefficient for
estimating the (j+1)lh flow from the j .... flow,
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random normal variate with mean zero and
variance unity,
standard deviations of flows during the
(j+l)Ul, jIll seasons,
serial correlation coeff icient between flows
in the j'" and {j+l)1/I seasons.
To generate monthly flows using the Thomas-Fiering model, 36
parameters are required. These are: mcnthly means, standard
deviations, and lag-one serial correlations for the 12 months. The
Thomas-Fiering model is restricted to normally distributed flows.
Therefore the 36 parameters that would be used in the equation had
to be obtained from normally distributed data.
The steps for generating monthly flows using this model were
as follows. The first step was the normality tests for the monthly
historical flows. These tests ...ere performed using the, prObability
Plot Correlation Coefficient (PPCC) Method. If the flows are not
nonnal, then they are transformed to be normal using the Box-Cox
transformation (Box and Cox, 1964).
Xt.oIl.(j) .. (X;(j~ -I) , • 0
(3-4)
Xt,ul,lil .. log X,.fj) A = 0
where:
Xmm - historical monthly flows,
}., = transt'ormation parameter,
x",,"O) • transformed monthly flows.
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The transformation parameter), is determined using the PPCC method
(Lye, 1992), so that the transformed monthly flows are
approximately normally distributed at the 9S1J; confidence level. The
example of the PPCC test for monthly flows of May is presented in
Appendix C. From these tests the transformations for each monthly
flows were chosen.
In the second step, the da"ta were transformed and the
transformed data were again tested to check whether the data had
been successfully transformed to a normal distribution. The
appropriate transformations were then chosen. A summary of the
transformations for the monthly flows is presented in Table 3-4.
Finally, from the transformed data, the necessary 36 parameters
were obtained (see Table 3~5) and were used in the generation of
monthly flows.
The output of the monthly generated flows from the Thomas··
Fiering model does theoretically preserve the statistical
characteristics of the monthly historical flows. However, it does
not preserve the statistical characteristics of the annual
historical flows. To solve this problem the monthly generated flows
from the Thomas-Fiering model were summed up for each year and were
then divided by the annual generated flows from the stochastic
annual flow model (ARMA(2,O» so as to obtain adjustment factors.
Finally, the monthly generated flows from the Thomas-Flering model
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December 0 ..860 0.993
January 0.073 0.994
10 February 0.592 0.994
11 March 0.360 0.993
12 April L183 0.995
Table 3-5: Means, standard deviations, and coefficients of






• 0 r,{106 mll (106 m')
May 10.001 1.864 0.591
June 10.292 2.766 0.7J2
Julv 7.514 2.948 0.825
Au~ust 6.J62 J.122 0.654
Sentember 5.979 J.194 0.67J
October 10.719 5.176 0.695
November 26.220 10.050 0.492
December 124.770 46.840 0.158
Januarv 6.654 0.523 O.J92
Februarv 41.560 10.OJO 0.J77
March 17.854 J.479 0.461
April 669.000 269. JOO 0.975
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were mUltiplied by these adjustment factors to give monthly
generated flows in which the annual statistics were preserved. This
procedure is a modified Thomas-Fiering model and is called the
Two-Tier model.
3.4.3 Analysis of Re~ults
The Method of Fragments and the Two-Tier Model were evaluated
using Monte Carlo simulation based on 500 replications. Both
methods used an ARMA(2,0) model to generate annual flows that had
been previously validated as the stochastic model of the annual
floWs (as discussed in sub-section 3.2). The citarum stochastic
model, so-called as the CTR-STOCHMOD was written using QUlckbaslc
laJ"guage (Hergert, 1989). The listing of the CTR-STOCHMOO is
presented in Append ix F.
comparisons of the statistical characteristics of the
generated monthly flowe between both models are shown in Table 3-6.
The comparisons are based on range values between the lower and
upper bounds of 95% confidence limit tests. If the statistical
characteristics of the observed flows lie between the lower and
upper bounds, this means the stochastic model preserved the
statistical characteristics of historical data, and vice versa.
Table 3-6 shows that both method could not preserve the standard
deviation and coefficient of skewness in the month of August
because the mean of the historical monthly flows is low (48 million
cubic metre), the standard deviation is high (52 million cubic
metre) and the coefficient of skewness is unusually high (3.2).
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Table 3-6 shows that the Two-Tier model preserved more
parameters of the historical monthly flows than did the Method of
Fragments. Therefore, the Two-Tier model, while not completely
adequate, was considered as a more suitable model than the Method
of Fragments to generate monthly flows of the citarum River at
Nanjung.
Table 3-6: comparison of the method of Fragments and the Two-
Tier method for generating synthetic monthly flows
Statistics





July r1, r2 0, Max






10 February r1, r2
11 March r1
12 April r1 r1, r2
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3.5 Final Stochastic Models
From sub-sections 3.2 and ).3 it was concluded that the most
appropriate stochastic model for the annual flows was the ARMA(2,O)
model, and the more appropriate stochastic model for the monthly
flo....s ....as the T....o-Tier model. In this study the simulations of the
hydropower generation of the citarum multi-reservoir system was
based on monthly flo.... data. Therefore the Two-Tier model was used






This chapter discusses the operation of the Saguling, Cirata
and Jatiluhur reservoirs. As discussed in Chapter 2, these three
reservoirs are operated by different authorities, but because they
are in series., the operation of the upstream reservoirs affects
those downstream. The consequences of applying two rule curves were
examined. The rule curves used were the current reservoir operation
guideline (CROG) and the water resources development guideline
(WRDG) proposed by the Water Resources Development project. The
comparisons were based on the energy generation that resulted from
applying these rule curves. In order to better understand the
nature of these differences in generation and the reasons for them,
some parameters of interest that were produced by the simulation
were plotted. They include inflows, heads, turbine flows, spill
flows and energy generated.
When seeking to understand the behaviour of a non-
deterministic system output, it is often of interest to consider
limiting cases. In this regard, two other rule curves were used in
the simulations: (1) the empty reservoir (ER) rule curve, assuming
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that the reservoirs are kept as empty as possible to minimize
spill, and (2) the full reservoir (FR) rule curve, to keep the
reservoirs as full as possible, to maximize head.
The operation of the reservoirs was simulated using various
synthetic inflow sequences (generated using methods in Chapter 3)
using the above four rule curves. Since the synthetic flow
sequences were probabilistic, the energy generations from the
simulations resulted in reliability curves which are curves showing
the probability that a given energy level is not exceeded. The
estimation of annual energy generation was compared for three
(1) those estimated by the authorities using 12 monthly flows
of the average of assumed llnormal" year flows,
(2) those estimated using reliability curves that obtained
using one 60 year historical flow sequence,
(3) those estimated using reliability curves thdt obtained
using 100 synthetic flow sequences of 60 years each.
4.2 Operating Policy
An operating policy is a set of rules defining system
operation. Included in the operating policy of a hydropower plant
system are rule curves and release rules for the reservoir. Rule
curves are def ined as reservoir storage volume targets, which
should be maintained, and are made based on hydrologic
characteristics of the system and the desired output. Release rules
are identified as the quantity of water to be released based on
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power or other demands (Loucks, et al., 1981). A rule curve may be
made for a one year time period, or for "over-year" time periods.
The one year rule curve only requires a carry-over of water from
the wet season to the dry season within. a given year. An over-year
period rule curve requires a carry-over of water for more than one
year (Kuiper, 1971).
In practice, for real time operations, both types of rules are
needed to define the operating policy. Release rules provide
guidance for the operation of reservoirs froll day to day. For long-
ter1'll planning, however, utilities develop rule curves which guide
them in the allocation of water. In the dry season, the water
releases should generally be arranged so that there would be
sufficient water to operate the plants up to the end of the dL'y
season. The reservoir storage is normally drawn down to a minimum
before the onset of the wet season. The policy to operate
reservoirs to have a minimum storage before wet season flooding
serves two functions. It increases energy production by minimizing
spill flows and it provides storage for flood control during the
wet season.
An illustration of the application of a rule curve is
described ~low. Figure 4-1 shows a typical reservoir that is used
for hydropower. The reservoir storage between the low supply level
(LSL) and the full supply level (FSL) is an intermediate supply
level (ISL). Reservoir storage in the ISL is used for hydropower.
"
Figure 4-1: Schematic of hydropower dam.
For example, consider a rule curve based on the average of the
historical lIIonthly flows, as shown in Figure 4-2(a). The flows in
the first, second, seventh and eight months lIight be classified as
"normal'" (N) flows. In the third and sixth month, they might be
designated as "dry" (D), and in the fourth and fifth month as "very
dry" (VO). In the ninth and tenth months, they might be designated
as "wet" (WI, and In the eleventh and twelfth months as "very wet"
(VW) •
Since the river flows are "normal" in the first and second
months, the reservoir shoUld be maintained at FSL with all water
releases passing through the turbine (assuming that the turbine
have been suitably sized). High flows usually occur in months
eleven and twelve. Hence, the reservoir should be at LSL at the
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start of ~Iet season (in month eight) so that the water in the very
wet months can be stored in the reservoir without spillage (if
possible) up to the end of month twelve. The reservoir levels in
other months are then determined so that high energy generation
might be achieved. The limjting cases of determining reservoir
levels ar.e empty reservoir and full reservoir levels. The empty
level will minimize spill but at the cost of reduced head, whereas
the full level will maximize head at the cost of lost water. Figure
4-2 (b) shows an alternative of monthly reservoir levels for
hydropower dam.















Figure 4-2: Illustration of the application of a rule curve.
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In this study the rule curve associated with the current
reservoir operation guideline (CROG) and the water resources
development gUideline (WRDG) were examined, as well as the two
limiting cases, the empty and full reservoir rule curves. The
following points were considered in evaluating the rule curves:
1. the influence of a given rule curve on the long term
average of reservoir storage, heads on the plants, turt:.ine
flows, spills, and most importantly energy generations,
2. the effect of a given rule curve associated with upstream
reservoir on energy output at a downstream reservoir,
J. the long term average of the annual energy generation,
4. the monthly variation in energy generations, and
5. the differences between the results of simUlation using
generated flows and historical flows.
Dealing with reservoir operations, there are two methods
available: optimization and simUlation methods. optimization
methods are used if an optimal solution is sought. Simulation
methods are used to study the behaviour of a system given a number
of differing scenarios (Loucks et a1., 1981). For this stUdy the
simulation method was used because long time series is used for
evaluating different rUle curves.
4.3 Simulation
The original intent of this study was to test IRIS
(Interactive River System Simulation) Program (IRIS, 1989; 1990).
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IRIS is an a readily available, user friendly, inexpensive softvare
package to study reservoir operation guideline. However some
problems vere found with the IRIS software, particularly in its
application to hydroelectric systems. They are listed as follows
(Louck, 1992):
1. there was no useful sUllUllary of results or statistical
analysis of the output data,
2. the maximum number of replications vas only 12,
there wa.s no calculation of spill.
The problems of a lack of statistical analysis and an output
summary were handled by writing a post-processing program. Since
the calculation of spill was considered essential to the evaluation
of energy output in this study, the IRIS software was finally found
to be inappropriate for hydroelectric applications. The author
therefore developed a proqralll called the C!tarull Siaulation ModAl
(CTR-SIMOD) for the purposes of this study. The advantages of
developing his own program are:
(1) the output from the stochastic flow model could be
incoporated,
(2) the statistical output of the program could be made,
(3) the program can be easily Updated.
4.4 Citarum Simulation Model (CTR-8IMOD)
There were six stages in the simulation of the hydropower
plant system on the citarum river using CTR-SIHOD. These were:
a) estimate inflows,
.6
bj define a rule curve,
cj calculate available water, obtain turbine flows and
spill flows,
d) calculate energy generation., and
e) analyze the statistical characteristics of the
parameters of interest.
The program listing of the CTR-SIMOD is presented in Appendix G. A
brief description of the program is given below.
Referring to the schematic ot the hydropower plant system on
the Citarum River and its components (Figure 4-3) the sequence used
for the simulations was as follows.
al Estimate inflows.
The inflows to Node 1 (the Nanjung gauge site) were read from
a file and were converted to inflows at Node 2 (the saguling
reservoir) by multiplying by flow coefficients based on the
relative drainage areas.
b) Define a rUle curve.
The rule curve for Node 2 'HilS read froln a tile. This rule
curve was then used in the simulation as targets for reservoir
storage. There were twelve values in a rule curve, corresponding to
end-of-month reservoir storage targets in a year. Hence, in one
simulation of a rule curve, all reservoir storage targets in all
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Fiqure 4-3: Schematic of the Citarum Hydropower Plant System, showing definitions ot
variables as used in equations 4-1, 4-2, <-3 and 4-4
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beginning of month t, '" a; V~nl>i,
Anu+u = water reservoir surface area target for reservoir i
at the end of month t, ::: a l VTi('+I1I>i,
a; = reservoir surface coefficient for reservoir i,
bi reservoir surface exponent for reservoir i.
I~ - inflows during month t for reservoir 1.
There were five possible outcomes of this calculation. The
amount of available water could be:
1. negative,
2. equal to zero,
3. greater than zero but smaller than the minimum turbine
flow,
4. greater than the minimum turbine flow but smaller than the
maximum turbine flow, and
5. greater than the maximum turbine flow.
In this simulation program the operation of the reservoir is driven
by the rule curves. This policy is reflected in the handling of
these five possible cases, as described below and shown in Figure
4-4.
Case one (Figure 4-4 (a): if the available water in month t
(QWIi(I) was negative. the reservoir storage at the end of month t
(Vi(t+u) was set equal to the reservoir storage target at the end of
month t (VTiU+ll ) minus the amount of water available. The turbine
flo.' and spill of month t were then Sf.'!t equal to zero.
Case two (Figure 4-4 (b): if the available water in month t
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QWAi!!} =
0) Calculate vater available, and obtain turbine and spill
flows.
The water available for energy generation at Node 2 was
calculated using the mass balance equation. The water available in
month t was equal to the difference between the reservoir storage
at the beginning of month and the reservoir storage target at the
end of month, plus the inflows during the month, minus evaporation
during the month. The reservoir evaporation during the month was
equal to the average of surface area during the month (assuming the
reservoir was at its target at the end of the month), multiplied by
an evaporation coefficient for the month. Equation 4-1 summarizes
the mass balance equation for month t.
in which:
water releases from reservoir i during month t,
reservoir storage in res~rvoir i at the beginning
of month t,
VTill+ll reservoir storage target for reservoir i at the end
of month t,
~') evaporation from reservoir i during month t,
= c<i(tI ( "'" + ATillHI ) 0.5,
Crill) coefficient of evaporation for reservoir i for
month t,
"II) water reservoir surface area of reservoir i at the
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(Ow..!,,) was equal to zero, the reservoir storage at the end of month
t (V~"h) was set at the reservoir storage target at the end of
month t (VTi/l+u)' The turbine flow and spill flow were again set
equal to zero.
Case three (Figure 4-4 (c)}: if the available water in month
t (Ow'in) was greater than zero but smaller than the minimum turbine
flow, the reservoir storage at the end of month t (V~I"II) was set
at the reservoir storage target CIt the end of month t (VTi!! .. !)), plus
the available water. The turbine flow was again equal to zero. If
the calculated reservoir storage at the end of month t (V~I+II) was
greater than the maximum reservoir storage, the excess was spilled.
That is, the spill flow in month t was equal to the calculated
reservoir storage at the end of month t (Vilt .. ll ) minus the maximum
reservoir storage. In this study the maximum reservoir storage is
the FSL Volume that was used as a constraint in the simulation. The
full supply level was not used as a constraint. (This clearly does
not reflect what would happen in practice, but since it is a very
unlikely occurrence, no special account was taken of it in this
study. )
Case tour (Figure 4-4 Cd»: if the calculated available water
(Qw..U)) was greater than the minimum turbine flow but smaller than
the maximum turbine flow, all the available water was assumed to
pass through the turbine. The reservoir storage at the end of month
t CV~"ll) was set equal to the reservoir storage target at the end
of month t (VT~I+ll)' The maximum turbine flow was calculated for the
average head during the month.
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in which:
o-.I(Q. maximum turbine flow of the reservoir i, for month
pldu•ilt) '" electric power generations produced by hydropower
plant i during month t, [GWh],
IIi plant efficiency of hydropower plant i,
• water density ~ 1000 kg/m),
'" accQleration due to gravity, (9.81 m/S1)'
Hi(II average head reservoir i for month t
Case live (Figure 4-4 (e) I: if the calculated water available
in month t (Q..".oiftI) was greater than the maximum turbine flow. the
turbine flow in month t was set equal to the maxilllum turbine flow.
The reservoir storage at the end of month t (V... H) was equal to the
reservoir storage target at the end of month t (VT~'ll) plus the
difference between the calculated water available and the maxilllum
turbine flow. If this reservoir storage at the end of month twas
greater than the maximum reservoir storage, this excess was
spilled; that is, the spill was equal to the calculated reservoir





QSp."'! ~ spill flow of the reservoir i during month t,
V",...i == maximum reservoir storage of the reservoir i.
11) Calculate energy generation.
After the turbine flow for month t and the average head for
month t were calculated, the energy generated was obtained from the
turbine flows for the average head during the month and multiplied
by the plant efficiency as shown in the following equat.ion.
("-of)
in which:
p~.. electric power generatio::'\s produced by hydropower
plant i during month t, (Gwh],
H~n .. average head reservoir i for month t.
The same procedure was used for all reservoirs. The only
diffGrence was in defining inflows. Inflows to downstream
reservoirs were taken as the sum of the outflows of the upstream
reservoir plus local inflows .
• ) Analyze tbe statistical cbaracteristics of the parameters
of interest.




Figure 4-4 (a): Calculated water available negative.
Figure 4-4 (b): Calculated water available equal to zero.
Figure 4-4 (c): Calculated water available greater than zero but
smaller than miniDlUlll turbine flows
Figure 4-4 (d): Calculated water available greater than minimum










figure 4-4 (~): Calculated water available qreator than m,l;limlJm
turbine flows and: (1) Reservoir ~ton~qc zm.ll Jal'
than maximum reservoir storage, (2) Reserve i r
storage greater than maximum reservoir storage.
"
(2) reservoir storage volumes,
(3) turbine flows,
(4) reservoir evaporation,
(5) spill flows, and
(6) energy generation,
for each reservoir.
Statistical analyses were then carried out for each of the
variables above. Hence, for 60 repetitions (years), the average of
60 years of each variable of 12 months were produced. For 100
replications the average or 100 replications of the average or 60
years of each variable for 12 months were produced. For each year
simulated, the monthly energy generation of twelve months were
added to the annual energy generation (see Table 4-1). Hence, for
one simulation of a rule curve, 6000 points of annual energy
generated '.:ere produced.
Table 4-1: Estimated parameters produced by simulation using the
CTR-SIMOO
No Description Saguling cirata Jatiluhur
InfloW's ", ",
""'Reservoir storage #V), #VlO #v~ ,










This chapter presents results and discussions of the
stochastic modelling and the application of the simulation methods
used in examining reservoir operation guidelines or the Citarum
Hydropower system. Two guidelines were applied in the simulation,
they were the current operating reservoir guideline (CROG) and the
water resources development guideline (WRDG) rule curves. Two other
rule curves were also simulated as limiting cases, representing
extremes of operations. They were the empty reservoir (ER) rule
curve, assuming all reservoirs are kept empty. and the fu 11
reservoir (FR) rule curve, assuming all reservoirs are full.
In this chapter, the results and discussions of the stochastic
modelling are presented in the first section. The results of annual
energy generation are presented and discussed in the second
section. variations in monthly energy generation are then
discussed. Next, load factors of the saguling, Cirata and Jatiluhur
Plants are examined. Then, reliability curves of annual energy
generation applying the CROG rule curve are presented. Finally.
comparisons of energy estimated applying the CROG rule
simUlated using historical and synthetic inflows are made.
5.
5.2 Siochaslic Flow Modelling
Two stochastic models of the Citarum Rh'er flows at Nanjung
were developed. These were the stochastic annual flow and the
monthly flow models. The annual model as first developed. This
was then used for modell ing monthly f lo s. The proposed stochastic
annual flow model was an ARMA(2, 0) model, as described by Equation
3-2. The proposed stochastic monthly flow model was the Two-Tier
model, which is a modification of the Thomas-t'iering model.
Synthetic monthly flows were then used in the simulation of
hydropower generation for the Citarum Hydropo....er system.
In this study the oarameter of interest was annual energy
generation, the statistical chari\cteristics of synthetic annual
flows were therefore of prime importance. A comparison between the
statistical characteristics of synthetic annual flows and the
historical annual flows are present.ed in Table 3-3. It ....as found
that the ARMA(2,O} mOdel preserved eight parameters of the
historical annual flows at 95% confidence limits (see Table 3-3).
However the mean of the synthetic annual flows was a little higher
than the mean of the historical flows, whereas the minimum and the
maximum ....ere a little lower. The mean, minimum and maximum of the
historical and synthetic annual flows may affect the annual energy
generation produced by the simulation.
5.3 Annual Energy Generation
Four rule curVes (the WRDG, CROG, ER and FR) were applied in
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the reservoir operation simulation. The results of annual energy
generation are presented and discussed below.
Results
A summary of the results of tho annual parameters and of the
related annual energy generations is presented in Table 5-1. These
annual parameters were obtained by summing the average of t.he
monthly parameters that were produced by the simulation.
Table 5-1: Summary result of the annual parameters and the
related annual energy generation (flows in 10" m',
energy in GWh)
No Descriptions WRDG CROG ER FR
rule rule rule rule
curve curve curve curve
Saguling
- Inflows 2618 2618 2618 2618
- Turbine Flows 2544 2480 2608 2172
- Evaporations 34 43 19 52
- Spills 39 93 0 39)
- Annual Energy 2225 2183 2249 1932
e: ..rata
- Inflows 3953 3943 3977 3935
- Turbine Flows 3708 3589 3942 2964
- Evaporations 61 62 48 67
- spills 183 291 0 903
- Annual Energy 941 908 902 771
Jatiluhur
- Inflows 4555 4545 4606 4532
- Turbine Flows 4024 4136 4554 3170
- Evaporations 86 82 55 87
- spills 445 326 18 1273
- Annual Energy 76' 758 636 608
Total Output
Energy 3931 3850 3789 3312
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For the Saguling hydropower plant, the highest energy
generation was obtained from the simulation using the ER rule
curve. The second highest was from the WRDG rule curve, the third
and the fourth were from the CROG and the FR rule curves
respectively. This order can be explained by the fact that the
turbine flows for the ER rule curve were the highest, followed by
the WRDG, CROG and FR rule curves as the second, third, and fourth
highest energy productions, respectively. The water lost to
evaporation and spill had the opposite order. The lowest
evaporation and spill was from the ER rUle curve, followed by the
",ROC, CROG and FR rUle curves as the second, third and fourth
lowest spills, respectively.
For the Cirata hydropower plant the highest energy generation
arose from the simulation using the WRDG rule curve. The second,
third and the fourth highest generations were from the CROG, ER,
and FR rule curves. The ascending order of the water lost from the
cirata reservoir to evaporation and spill were the ER, WROG, CROG,
and FR rule curves. The descending orde.r for the turbine flows
were the ER, WRDG, CRaG and FR rule curves. Although the turbine
flows of the ER rule curve were greater than the: turbine flows for
the WROG rule curve, however, the energy associated w;;.h the ER
rule curve was lower than that of the WRDG rule curve. This was
because the ER rule curve lost more head than did the WRDG rUle
For the Jatiluhur hydropower plant the highest energy
generation was associated with the WRDG rule curve. The second,
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third and fourth highest generations were for the CROG, ER and FR
rule curves, respectively. The ascending order of the water lost
to evaporation and spill were the ER, CROG, WRDG and FR rule
curves, respectively.
Discussion
As stated in Equation 4-4, the energy produced by a turbine is
a function of head and turbine floW. Turbine flow is the power
flow, for example, the volume of water that is used to qenerate
energy. It is calculated as available water minus water that is
lost to evaporation and spill, and head as a function of reservoir
storage. For the Saguling Reservoir, the maximum head is 391 m
(full reservoir) and the minimum head is 371 m (empty reservoir).
The maximum head lost when the reservoir empty is only 5l, hence
the available head is 95l of the maximum head. Therefore, for the
Saguling Hydropower Plant, the higher the turbine flow ....ould
produce the higher energy. The results showed that the simulation
applying the empty reservoir rule curve gave the highest energy
because the turbine flow ....as the highest.
The Cirata Plant, however, has different characteristics from
the saguling Plant. The maximum head is 117 m and the minimum head
is 102 m. If the reservoir is empty, the available head is only 87\
of the maximum head. Even though the empty reservoir rule curve
gave the highest turbine flow but lost too much head. The results
showed that the simulation applying thQ empty reservoir rule curve
gave the highest turbine flows but did not produce the highest
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energy. For the Jatiluhur Hydropower Plant, the maximum head is 81
m and the minimum head is 64 m. If the reservoir is et:lpty, the
available head is only 79' of the maxillum head. Hence the loss of
head in the Jatiluhur Plant is even more significant than at the
Cirata Plant.
As expected, the results showed that for the cirata and
.1atiluhur Plants, the simulation applying the empty reservoir rule
curve did not produce the highest energy lIIainly becausg of the loss
in head. Wherea.s applying the full reservoir rule curve gave the
lowest energy main ly because of losing water to spill. The value of
spill saved by keeping the reservoir low must be carefully balanced
against maintaining head. TabID 5-1 shows that the spill from the
Jatiluhur reservoir is higher than the spills from the Sagu!ing and
cirata reservoirs. To increase the energy production of the citarulIl
Hydropower System might be achieved by saving spill at the
Jatiluhur reservoir by storing water at sagu!ing or cirata
reservoirs.
Based on the annual energy generation, applying the empty
reservoir rule curve to the Saguling Plant and applying the WRCG
rule curve to the Cirata and Jatiluhur Plants produced the highest
energy. However, the first and the second hirhest of the total
annual energy produced by the citarum Hydropower system is the
energy that obtained by applying the WROG and CROG rule curves
respectively (see Table 5~1). The variation in monthly energy
generation applying the WROG and CROG rule curves would be
discussed in the following section.
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S.fo variation in Monthly Enerqy Oeneration Applying the noo
~D4 CROG Rule CUrves
In practice the monthly energy demands do not fluctuate too
much. Hence, monthly energy production generally tends to also be
less variable. The variation in monthly energy generation by
applying the WRDG and CROG rule curves to the saguling Plant is
discussed in the first sub-section, and to the Cirata 3nd Jati1uhur
Plants are then examined.
8&9Uling Reservoir
Figure 5-1 shows the average of monthly energy generation for
the Saguling Plant simulllted using the WRDG and CROG rule curves.
To stud:' the variation in Illonthly energy generation, the average of
inflOWS, heads, turbine flows and spill flows of the saguling Plant
are discussed. The inflows to the sagu11ng Reservoir are shOwn in
Figure 5-2. The simulation used the same inflo'ols, so that the lines
for these graphs are coincident. Figure 5-3 shows the heads of the
Sagulinq hydropower plant for both rUle curves. The heads
associated with the CROG rule curve are higher than the heads (or
the WRDe rule curve for eleven points. Only in the month of April,
the head for the CROG rUle curve was lower. In the 1II0nth of May the
h(lads for both rule curves had their maximum heads.
For the WROC rule curve, the lowest head was in the month or
september, the month which showed the lowsst reservoir storage.
This resulted in the difference between the reservoir storage
..
Figure 5-1:
....... "QOC; ....... C<>;Xi
Energy generation of the Saguling Hydropower Plant
.,.~I'~"""
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Figure 5-3: Heads on the sagulinq Hydropower Plant
targets of the WRDG rule curve for the months of September and
October being negative. The lowest inflows occurred in the months
of August and September. In order to try and meet the target
elevations, all the inflow was stored, hence the simulated turbine
flow for the month of September was extremely low for the WRDG rule
curve (only 3.7% of the maximum turbine flow of the saguling
hydropower plant, see Figure 5-4). The energy output was
consequently very low as well (see Figure 5-1).
For the WRDG rule curve the highest turbine f low was found to
be 57.9% of the maximum turbine flow (in May), and the lowest was
3.7% (in september). The turbine flows for the CROG rule curve were
less variable than the turbine flow associated with the WROG rule
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curve, because the target elevations were higher. The energy output
for the CROG rule curve was consequently less variable as well.
For the CROG rule curve, the highest turbine flow was 51.7% of the
maximum turbine flow (in March) and the lowest was 16.0\ (in July).
Figure 5-4: Turbine flows for the saguling Hydropower Plant
As expected, the spill flows are inversely proportional to the
turbine flow. The WRDG rule curve shows less spill and higher
turbine flows because the reservoir is kept lower. Figure 5-5 shOWS
the spill flows from the saguling reservoir. The spill flows for
the CROG rule curve were generally higher than the spill flows for
the WRDG rule curve, except in the month of April. The highest
spill flow for the CROG rule curve was found to occur in Hay (29.0
x 106 mJ ). This was 10.8\ of the t',tal outflow from the Saguling
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reservoir (29.0 x 10~ m) of spill flow plus 239.2 x 10~ m' of turbine
floW'). The highest spill flow for the WROG rule curve occurred in
April (16.2 x lOft ml '). This was 4.8% of the total outflow from the
Saguling node (16.2 x 10· m' of spill flow plus 321.8 x 10" ml of
turbine flow).
Figure 5-5: spill flows from the saguling Reservoir
The graphs of the average monthly energy generation, Figure 5-
1, shows that the energy production for the WRDG rule curve in
september was the lowest, at J. 5% of the maximum monthly energy
production, where as for the CROG rule curve, the lowest monthly
energy production occurred in July, that is, 16\. The maximum
monthly energy production was equal to the maximum plant capacity
mUltiplied by the average number of hours in a month.
6.
As discussed previously in sub-section 5.3.1, that the
Saguling Plant on an annual basis by applying the WRDG rule curve
gave lower spillS and produced higher energy. On a monthly basis,
however, by applying the CROG rule curve the plant produced less
variability in 1lI0nthly enerqy.
cirat. and Jatiluhur Reservoirs
The analysis of the parameters of inflow, head, turbine flow,
spill flow, and enerqy generation for the Cirata and Jatiluhur
Hydropower Plants followed . he same pattern as result of the
analysis of the saquling plant. It is important to note that
inflows to the Cirata reservoir were set equal to the total outflow
from saguling plus local inflows from the Cirata drainage area.
Inflows to the Jatiluhur Reservoir were set equal to the total
outflows from Cirata plus local inflows trom the Jatiluhur drainage
area. The total outfloW' trom the Saqulinq and Cirata Reservoirs
were set equal to the turbine flow plus the spill flows governed
by the rule curve used.
From the graphs of the average monthly energy generated for
the Saguling Plant (Figure 5-1), eirata Plant (Figure E-l (5)) and
Jatiluhur plant (Figure E-1 (10)), and citarum Hydropower system
(Figure 5-6), it ..::an be seen that the fluctuations of the monthly
energy using the CROG rule curve were smaller than using the WRDG
rule curve. Even though the plants generated a little higher annual
energy by applying the WRDG rule curve, they prOduced less
variability of monthly energy by applying the CROG rule
••
Therefore the CROG rule curve might be preferred.
Figure S-6: Energy generation of the Citarum Hydropower System
5.5 Load Factors
Load factor is defined as the ratio of the annually produced
kilowatt-hours and of the energy theoretically producible at
installed capacity during the whole year. The low load factor of a
hydropower plant indicates that the installed capacity of the plant
is larger than the available water. The installed capacity for the
5agu1ing, cirata and Jatiluhur Plants is 71S MW, S18 MW and 175 MW,
respectively. If the current guideline was applied, the lc.ad factor
for the Saguling Plant would be 2183 divide b'j (715 x 365.25 X 24
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I 1000), that is ]5'. Load factors of the Saquling, Cirata and
Jatiluhur Hydropower Plants applying the WROG, CROC, ER and FR rule
curves are presented 1n Table 5-2.
Table 5-2: Load factors of the Saguling, Cirata and Jatiluhur
Plants
No Rule Saguling Cirata Jatiluhur Citarum
Curves Plant <') Plant <') Plant (') Hydropower
system (\)




ER 3. 2. 42 31
FR 31 17 4. 27
Table 5-2 shows that the load factor of the Citarum hydropower
system by applYlng the four rule curves are not too much different.
By applying the CROG rule curve, the load facr..:;rs for the Saguling,
Cirata and Jatiluhur Plants, are the 35', 20' and 49'.
respectively. These numbers indicate that the available water in
the Citarull River might be smaller than the installed capacity of
the Saguling, cirata and Jatiluhur Plants.
5.' Reliability Curves
The reliability curves of annual energy generation for the
Saguling, Cirata and Jatiluhur Plants by applying the CROG and WRDG
rule curves are presented in Appendix E. The 5' and 95' ..:onfidence
limit reliability curves for the results of the simulation using
the CRoe rule curve are also presented. Figures 5-7 to 5-~ show the
11
5\ and 95\ confidence limit reliability curves of annual energy
generation for the 5aguling, Cirata and .Jatiluhur Plants
respectively. Figure 5-10 shows the 5\ and 95\ confidence I illit
reliability curves for the total annual energy generation of the
Ci tarull Hydropower 5yste...
The graphs include:
(1) reliability curves of annual energy generated usinq 60
year historical flows,
(2) reliability of annual energy using 100
replications of 60 year generated flows, and
(J) 5\ and 95\ confidence limit reliability curves of annual
energy generation produced using synthetic flows.
The graphs indicate that the reliability curve simulated using
historical flow~ fall within the 5\ and 95\ confidence l.lllit
curves. The comparisons of the estillated energy generated using
assumed "norlllal year" flows, historical flows and synthetic flows
are discussed in the following section.
5.7 comparisons ot Enerqy Estuatee
The present procedure that is used to estimate energy
generation uses 12 monthly floWs of the average assumed "norm<ll
year". Hence, they estimate a single point of annual energy
generation. For 1991 - 1992 these estimations were 2234 GWh for the
saguling plant, 1Jl2.4 GWh for Cirata and 847.2 GWh for the
72
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Table 5-4: comparisons of enerqy estimates using synthetic Clows
(energy in GWh)
Prob.non- Confidence saguling Cirata Jatiluhur Citarulll
exceedence level Plant Plant Plant Plant
Systelll
5\ 2400 1050 850 4]00
'0' 50' 27S0 1200 '50 4900
,5\ ]000 1350 1100 5450
5\ 1900 750 '". ]]00
50' 50' 2200 '00 750 ]850
,5\ 2500 1150 900 4550
5\ 1200 '50 '00 2050
80' 50' 1600 650 600 2850
'5\ 2000 850 700 ]550
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Jatiluhur plant. Further, this procedure could not answer the
question of the probability of getting these quantities of energy.
The estimates of the annual energy generated using the
reliability curve from historical flows for the plants in the
citarum Hydropower System are presented in Table 5-3. The estimates
of the annual energy generated using the reliability curve from
synthetic flows are presented in Table 5-4. (See Figures 5-7 to 5-
10) .
The Figures 5-7 to 5-10 show that the reliability curve using
synthetic flows is actually more informative than that using
historical flows. A series of historical flows represents only one
"event" in the past. Series of synthetic flows generated using the
Monte Carlo method produces a large number of "events", from which
probabilities of occurrence may be obtained. Therefore the
reliability curve of energy generation using the graph based on the
synthetic flows may indeed be expected to be more comprehensive
than the reliability curve of energy generation based only on
historical flows.
Table 5-3: comparisons of energy estimates using histIJrical flows
(energy in GWh)
Prob. non-exceedence saguling cirata Jatiluhur Citarum
Plant Plant Plant Plant
system
,,% 2750 1250 1000 5000
5" 2100 900 700 3700




This research has demonstrated the usefulness of reservoir
simulation using synthetic flows. Two main sub-studies were carried
out in this research. The first study involved stochastic flow
modelling to generate synthetic monthly flows, that on average,
preserved the statistical characteristics of both the historical
annual and the monthly flows. The second study was a simUlation of
reservoir operation using the synthetic flows in conjunction with
four rule curves. The four rUle curves were: the current reservoir
operation guideline (CROG), the water resources development
guideline (WRDG) proposed by the Water Resources Development
project, the empty reservoIr (ER), and the full re~ervoir (FR) rule
6.1 Conclusiuns
L ThQ most appropriate stochastic model for the annual flows
of the citarum River at Nanjung was found to be an Auto
Regressive Moving Average CARMA) 2,0 model.
2. The more appropriate stor::hastic model for the monthly flows
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of the Citarum River at Nanjung was found to be the Two-
Tier model. This model is a modification of the Thomas-
Fiering model and preserved most of t.ne statistical
characteristics of both the historical annual and monthly
flows.
3. The annual energy generated by the simulation applying the
WRDG rule curve for the Saguling, Cirata arld Jatiluhur
Plants was greater than the annual energy genel:ated using
the CROG rule curve. Applying the WRDG rule curve, the
energy estimated were 2225 GWh, 941 GWh and 764 GWh for the
Saguling, cirata and Jatiluhur Plants respectively.
Applying the CROG rule curve, the energy estimates were
2183 GWh, 908 GWh and 758 GWh for the saguling, cirata and
Jatiluhut' Plants. However since it was found that the
monthly energy generated by each plant applying the CROG
rule curve was less variable than the monthly energy
generated applying the WRDG rule curve, therefore the CROG
rule curve might be preferred.
4. It was found that the load factors of the citarum plants
applying the four rule curves were not too much different.
The load factors for the Saguling, Cirata and Jatiluhur
plants by applying the CROG rule curve were 35~, 20~ and
49\, respectively. These results indicate that the
available water in the citarum River was appeared to be
80a
smaller than the installed capacity of the Saguling, Cirata
and Jatiluhur Plants.
5. By applying the full reservoir rule curve, the energy
estimates ....ere 1932 GWh, 771 GWh and 608 GWh for the
saguling, Cirata and Jatiluhur Plants respectively. These
resUlts indicate that on average the Citarutll Hydropower
System still could produce 3312 GWh if the three reservoirs
were kept full for all years.
6. The simulated reservoir operation, using both the synthetic
and historical flows, together with the CROG rule curve
showed that the results of the simulation using synthetic
flows provided more information than that using only
historical flows.
7. There are opportunities to improve energy production if the
reservoirs ....ere operated as a single system, for example,
saving spills at the Jatiluhur Reservoir by storing water
at the cirata or the Saguling Reservoirs.
6.2 Recommendations
The following suggestions are made for future research on this
reservoir system:
1. Further modification to the stochastic monthly flow model
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should be made, so that all statistical characteristics of
the historical flows can be reproduced.
2. The simulation of reservoir operations was only performed
using two guidelines: the CROG and the WRDG rule curves. It
is recommended that other variations of rule curves be
examined by modifying the CROG and WRDG rule curves so that
greater annual energy generation and smaller variation of
monthly energy generation might be achieved.
J. The reservoir operation simulation performed herein only
considered the energy generation, whereas in practice the
Jatiluhur reservoir is used as a multipurpose dam. Further
research is recommended to determine the best rule curves
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Hi.torical Annual aDd KOllthly Plovs of the citarwa River at
NaD.junq
The historical annual and monthly flows of the Citarum River
at Nanjunq are presented in this appendix. There are 60 years of 12
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Appendix - B
BtathtiC'al Characteriatica of the Historical ~D\l.l and
XODtbly plow. of the Citarua River at w&nju.nq
The appendix gives the stati5tlcal characteristics of the
historical annual and monthly flo'ols of th" citarua River at
Na.njunq. The statistical characteristics or the flows were
calculated usinq the MINITAB soft....are package.
.,
Table 8: Statistical Characterlstlcs 01 HisloflcaJ Annual and Monlhly Flows ollhe Citarum Rlv(!( al Nanlung
May Jun Jul Aug Sep Ocl Nov Doc Jan Feb Mal ApI Anll\wl
Flows
IMinimum ..2.0 13.9 1.1 0.0 0~:i--O'1l--15:-8--"Y:O-·95.t--iQ4--79.1
Maximum 507.2 361.2 303.6 348.0 246.1 331.2 417.4 441.3 506.7 467.0 650.9
Mean 193.6 110.6 67.2 48.4 46.7 79.7 163.4 235.3 239.7 246.7 280.5
Standard deviation 105.1 68,6 59.5 53.1 48.5 67.8 98.6 99.7 85.5 93.7 126.7
Cs 0.90 1.15 1.93 3.25 1.78 1.49 0.53 0.11 0.86 0.34 0.62
rk1 0.16 0.18 0.07 -0.03 0.22 0.32 0.18 0.19 0.16 -0.09 0.05
rk2 0.12 0.08 -0.06 -0.12 0.12 -0.04 0.18 0.25 0.12 O.Da 0.11
r 0.54 0.70 0.87 0.55 0.56 0.64 0."7 0.16 0.39 0.32 0."5
K










baaple ot the PPCC T••t
The PPCC tests were performed by selectinq an appropriate Box-
Cox transformation aa shown in Ta.ble C-l, and testing of the
correlation coet'tlcient as shown in Table C-2. The ppcc test were
done tor the twelve series of the historical monthly flows. The
example of the PPCC test presented in Table C-l and Table C-2 was
using historical monthly flows for the month of Hay.
00
:-.lcle C-l: selecting an appropriate eo;.:--:ox ';":-ansfor;:l.ltion cf
historical :Ionthly flo·...s of the Citaru;;l River .It
Nanjunq. (Example: l:lonthly Oo·...s in May)
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T:1b:e C-2: r:'r.:l::.3bility Plot Correlation COoi!fCici~nt t.ost "<
:nonthly flows of Citaruill River at :-lan1unq
(Exa:ople: ::lonth1y f10....s in May)
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At a significance lovel 5' and a number of data 60, the critical
value of r is 0.9ao
since calculated r was greater than r(5\). hence the monthly flows




The appendix gives the Minitab listing program for analyzing
the stochastic annual flow model, for transforming monthly flows
and for calculating statistical characteristics of the transformed
monthly flo'Ws. The computer r::oding for analyzing the time series
model of the annual flows of the eitarum River at Nanjung is
presented in Computer Coding 0-1, for calculating statistical
characteristics of the h.istorical monthly flows is presented in
Compv.ter coding 0-2, and for transforming the mor.thly flows and
calculating the statistical characteristics of transformed monthly
flows are presented in Computer coding O-J.
coaput.r Codio9 D-l
NOTE kJ .. coefficient of skewness
OUTFILE 'thes-ann.out'
READ 'nan60.dat' into CI
PRINT CI
DESCRIBE CI
NSCORES of CI, put into C2
PLOT CI, C2.
CORRELATION CI C2
ACF for series in CI, put into CJ
PACF for series in CI, put into C4
LET CIS. (CI - HEAN(CI))"3
LET kl .. (1/60) • SUM(CI5)
LET k2 .. (STDEV(CI)) **J
LET k3 = kl/k2
PRINT kJ
BRIEF 1
ARIHA 2 0 0 CI (put reslds in C5)
NSCORES of C5, put into C6
PLOT C5 C6
CORRELATION C5 C6
ARIHA 1 0 1 CI (put reslds in C7]
NSCORES of C7 C8
PLOT C7 C8
CORRELATION C7 C8
ARIHA 1 0 2 CI [put resids in C9)
NSCORES of C9 CIO
PLOT C9 CIO
CORRELATION C9 CIO
ARIHA 2 0 2 CI (put res ids in Cll]
NSCORES of Cll el2
PLOT Cll Cl2
CORRELATION Cll Cl2
ARlMA 2 0 1 Cl (put resids in CIJ]







READ 'aayl.dat' into Cl
LET C2 .. (Cl - HEAH(C':»)"3
LET kl .. (1/60) • SUM(C2)
LET k2 .. (STDEV(Cl)"J
LET kJ '" kl/k2
PRINT k)
READ 'jun.dat' into Cl
LET C2 = (Cl - HEAH(Cl)")
LET kl .. (1/60) • SUM(C2)
LET k2 .. (STOEV(Cl»")
LET kJ .. kl/k2
PRINT k~
READ 'juLdat' into CI
LET C2 .. (Cl - HEAN(Cl))"3
LET kl .. (1/60) * SUM(C2)
LET k2 .. (STOEV(Cl»)"3
LET k3 .. kl/k2
PRINT k3
READ 'aug.dat' into Cl
LET C2 .. (Cl - M£AN(Cl»")
LET kl .. (1/60) • SUH(C2)
LET k2 .. (STOEV(Cl) )"3
LET kJ '" kl/k2
PRINT k3
READ 'sep.dat' into Cl
LET C2 .. (C1 - MEAN (Cl»")
LET k1 .. (1/60) * SUM(C2)
LET k2 .. (STOEV(Cl» **)
LET k3 .. k1/k2
PRINT k3
READ 'oct.dat' into Cl
LET C2 '" (C1 - M£AN(el»"3
LET k1 .. (1/60) * SUM(C2)
LET k2 .. (STOEV(C1))"3
LET kJ .. kl/k2
PRINT k3
READ 'nov.dat' into Cl
LET C2 .. (CI - MEAH(Cl»U)
LET kl .. (1/60) '* SUM(C2)
LET k2 "* (STOEV(C1»'*'*3
LET kJ .. kl/k2
PRINT k3
.4
READ 'dec.dat' into Cl
LET C2 ,. (Cl • M£AN(Cl»"3
LET kl .. (1/60) • SUM(C2)
LET k2 .. (STDtV'(Cl»")
LET k3 ,. kl/k2
PRINT itJ
READ 'jan.dat' into Cl
LET C2 ,. (Cl - M£AN(Cl» U]
LET kl • (1/60) • SUM(C2)
LET k2 .. (STDEV(Cl»"3
LtT k3 .. kl/k2
PRINT k]
READ ' feb. dat' into Cl
LET C2 - (Cl - M£AN(Cl»"3
LET kl .. (1/60) • SUM(C2)
LET k2 .. (STDEV(Cl) 1"3
LET kJ ,. k1/k2
PRINT k3
READ 'mar.dat' into Cl
LET C2 .. eCl - M£ANCC1)"J
LET kl .. (1/60) • SUM(C2)
LET k2 .. CSTDEV(Cl) )"J
LET k3 .. kl/k2
PRINT k3
READ 'apr.dat' into Cl
LET C2 - (Cl - M£ANcel» H]
LET kl .. (1/601 • SUM(C2)
LET k2 - (STDEV(Cl»U3
LET k3 - kl/k2
PRINT k3




READ ' Aug. dat' C4












ACF 2 for series i" Cl, put into cn
ACF 2 for series in C2, put into C22
ACF 2 for series in el, put into C2l
ACF 2 for series in C4, put into C24
ACP 2 for series in cs, put into C2S
ACP 2 for series in C6, put into C26
ACP 2 tor uries in C7, put into C27
ACF 2 for series in ca, put into C2S
ACr 2 tor series in C9, put into C29
ACF 2 for sllries in C10, put into ClO
ACP 2 for aeries in Cll, put into Cll
ACF 2 for series in e12, put into en







READ 'mayl.dat' into Cl
LET C2l .. Cl"""(0.234)
LET C2 '"" (C2l - MEAN (C2l) *"'3
LET k1 "" (1/60) lit SUM(C2)
LET k2 .. (STDEV (Cl)) "'*3
LET kl ,.. kl/k2
PRINT kJ
READ 'jun.dat' into Cl
NOTE Jun. dat
LET C2l .. CIU(O.Jl7)
LET C2 '" (C2l - HEAN(C22» **J
LET kl .. 0/60) lit SUM(C2)
LET k2 "" (STDEV(C1) "'*3
LET kJ "" kl/k2
PRINT k3
READ 'jul.dat' into Cl
Note Jul. dat
LET C23 "" ClU(0.2966)
LET C2 "" (C23 - MEAN(C2J)) **3
LET k1 '" (1/60) '" SUM(C2)
LET k2 = (STDEV (Cl) "'*3
LET k3 .. kl/k2
PRINT k3
READ 'aug.dat' into Cl
Note Aug. dat
LET C24 - Cl""" (0.303)
LET C2 '" (C24 - MEAN(C24»*.3
LET kl '" (1/60) '" SUM(C2)
LET k2 "" (STOEV (CI») **3
LET k3 .. k1/k2
PRINT k3
READ 'sep.dat' into Cl
Note Sep. dat
LET C25 "" Cl*'" (0.293)
LET C2 .. (C2S - MEAN (C2S» **)
LET k1 .. (1/60) lit SUM(C2)
LET k2" (STDEV(C1» **3
LET k3 .. k1/k2
PRINT k3
READ 'oct.dat' into Cl
Note Oct. dat
LET C26 - Cl"""(O.405)
LET C2 .. (C26 - MEAN(C26).*3
97
r,
LET kl ;; (1/60) • SUM(e21
LET k2 .. (STOEVICl» uJ
LET kJ .. )(.1/k2
PRIHT Jc3
READ 'nov.dat' into Cl
Note Nov. dat
LET C27 .. Clu CO.545)
LET C:z = ee27 - KEAN(C27» **3
LET kl = (1/60) • SUM(C2)
LET k2 - (STDEV(Cl» •• )
LET kJ .. kl/k2
PRINT k3
ACF :2 tor series in CI, put into C2
READ 'dec. dati into Cl
Note Oec.dat
LET C2B .. Cl**(O.B60)
LET C2 .. ee2S - HEAN(C28») **3
LET k1 ,., (1/60) .. SUH(C2)
LET k2 - (STDEV(Cl»UJ
LET k3 • kl{k2
PRINT k)
READ 'jan.dat' into Cl
Note Jan.dat
LET C29 .. ClU(D.07)
LET C2 .. ee29 - HEAH(C29»U)
LET Jel .. (1/60) .. SUK(C2)
LET k2 .. (STDEVICl» **3
LET It) "" kl/k2
PRINT kJ
READ 'feb.dat' iilto Cl
Note Feb.dat
LET C30 .. Cl**(O.S92)
LET C2 .. (C30 - MEAH(C30»U3
LET kl .. (1/60) .. SUM(C2)
LET k2 .. (STDEV(Cl» .... 3
LET k) .. kl/k2
PRINT )c.J
READ 'mar.dat' into Cl
Not. Mar.dat
LET eJI .. Cl**{O.J60)
LET C2 .. (ell - MEAtf(C31)**3
LET kl ~ (1/60) • SUM(C21
LET k2 .. (STDEV(Cl»U3







LET C32 ., CluC1-183)
LET C2 • (C32 ~ KEAH(C32»"3
LET kl • (1/60) • SUK(C2)
LET k2 • (STDEVCCl)"3




LET Cl3 • Cl"(O.2J4)
LET C2 • (ClJ - HEAN(ClJ) ) .. )
LET kl • U/60) • SUH(C2)
LET k2 • (STDEV(Cl)"J
LET k3 • kl/k2
PRINT kJ
Note Transtorlled Monthly Flovs
PRINT C21~CJ 3
DESCRIBE C21-cn
ACF 2 for series in C2l, put inte C41
ACF 2 for series in C22, put into C42
ACF 2 for series in C23, put into C43
ACF 2 tor series in C24, put into C44
ACF 2 for series in C2S, put into C4S
ACF 2 for series in C26, put into C46
ACF 2 for series in C27, put into C47
ACF 2 for series in (:28, put into C4e
ACF 2 tor series in C29, put into C49
ACF 2 tor series in CJO, put into CSO
ACF 2 for series in cn, put into CSI
ACF 2 tor series in C32, put into CS2





Graph••••ultiDCJ fro. tbe SUl.IlatioD ot a...rvoir opU.tioD'
The appendix gives graphs resulting from the simulaticm of
reservoir operations using the eTR-SIMOO. The output graphs of the
simulation using the WRDG and CROG rule curves are presented in
Figures E~l (1) to (10). The output graphs of the simulation using
empty reservoir and full reservoir rule curves are presented in
Figures E-2 (1) to (16). The reliability curve of the energy
generations applying the WRDG and CROG rule curves are presented in
Figures E·J (1) to (4).
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riqure E-1 (1): Inflows to the Cirata Reservoir
...... WIDO ......aoo
~'iqurl! E-1 (2): Heads on the Cirata Hydropower Plant
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Figure E-l (3): TurDine flows tor the Cirata Hydropower Plant
..... waDO ....... C.OO
Figure E-.l (4): spill !lows trolll the cirata Reservoir
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__ WaDO ...... noo
figure E-1 (5): Energy Generation ot the cirata Hydropower plant
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Figure E-1 (7): Heads on the Jatiluhur Hydropower Plant
Figure £-1 ce): Turbine flows for the Jatiluhur Hydropower Plant
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fiqure E-l (9): spill flo ....s from the Jatilubur Reservoir




Figure £-2 (1): Int'lows to the Saguling Reservoir
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Figure £-2 (2): Heads on the S8guling Hydropower Plant
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Turbine f lows for t
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19ure £-2 (4): Spill flows from the Sll.qulinq Reservoir
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Figure E-2 (S): Enerqy Generation of the Saguling Hydropower Plant
Fiqure E-2 (6): Inflows to the cirata Reservoir
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figure E-2 (7): Heads on the Cirata Hydropower Plant
figure E-2 (8): Turbine flows for the cirata Hydropower Plant
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Figure £-2 (9): Spill flo....s from the Cirata Reservoir
Figure E-2 (10): Energy Generation of the Cirata Hydropower Plant
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Figure E-2 (11): Inflows to the Jatiluhur Reservoir













.... ' . "
-' ~
~
Figure E~2 (13): Turbine flo,""s for t.he Jatiluhur Hydropower Plant
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Figure E-2 (IS): Energy Generation of the Jatiluhur HydropolJer
Plant
Figure E-2 (16): Total enerqy generation ot the citarum Hydropower
Plant
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Figure £-] (1): Total energy generations ot the Citarulll Hydropower









Figure £-3 (2): Energy generations ot the Saqulinq Hydropower














Fiqure £-3 (3): Energy generations of the Cirata Hydropower Plant










Figura !-J (4): Energy generations ot the Jatiluhur Hydropower
Plant using the CROG and WRDG rule curves
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Appendix - F
ListiD9 Proqraa of the citarua 8tocb••tic Nodel
(C'l'R.-S'fOCJDCOD)
The appendix gives the computer cOding tor generating
synthetic monthly flows of the CitarulIl River at Nanjung. The
stochastic Dlodel ....as the Two-Tier model. 'l'he program was written
using Quickbasic software pacXage. The inputs to the program were
the stat" Jtical characteristics of the transformed monthly flows
that had been put in the program. The output is a series of
synthetic monthly flows ot 100 (replications) of 60 (years) of 12
(_onths) •
The stand alone EXE fUe could be put in a dIsk drive c and
the directory \data and \output have to be created in the disk
drive c. All input-output tiles and output tiles \lould be created
automatically by the proqram in the directory \data and \output.
The qenerated monthly Uow tile, that would be used in reservoir
simUlation, is a TierGQK.dat. The output test tile tor qenerated
annual flows is a TierQann.out and for the qenerated .onthly flowe
is a TierQKon.out.
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,**************** *********** ***** **** **** *** ****** ************ ** ** *Main Hodulo
,**** ******* ***** ****** *************** *** *** *************** ***** ***
'$DYNAMIC
CLS
OPEN "c: \Output\TierNoto.Out" FOR Ol1I'PUT AS 122 'simulation Note
PRINT 122,
PRINT 122, "output at Two-Tier Progra_"
PRINT #22. "Start at: ", DATE$, TIME$
PRINT #22,
LOCATE 3, 10
INPUT "Enter NRep. - ", NRep
PRINT 122, "NRep. - ", NRep
OPEN "e: \data\NRepl.dat" FOR OUTPUT AS 11 'number ot replications, years and lIonths
OPEN "c: \data\TierQHon.dat" FOR OUTPUT S 13 'input-output tile
OPEN "c: \data\TierQAnn.dat" FOR OUTPUT S 171 ' input-output file
OPEN "c:\Output\TierTest.out" FOR OUTPUT AS #2 'output test tile tor replication No.1
OPEN "c:\data\TierGQH.dat" FOR OUTPUT AS 172 'generated monthly flows
OPEN "c: \Output\TierQann.Out" FOR OUTPUT AS 1102 'output test for generated annual flows
OPEN "c:\Output\TierQMon.out" FOR OUTPUT AS 1202 'output test tor generated monthly flows
LOCATE 7, 10
PRINT "Analysis of Two-Tier Hodel"
GOSUB Init.Stat.TT
FOR NR = 1 TO NRep
LOCATE 9, 10
PRINT "NRep. - "; NR
OPEN "c:\data\QAnnAB2.dat" FOR OUTPUT AS 151 'input-output file
GOSUB Generate.Ann
CLOSE 151
OPEN "c:\data\SQMonth.dat" FOR OUTPUT AS 14 'input-output tile





,••• *'* ~:~~;~~;~~~.~;.~:;~:~;:~ *'* .. *'* .
'HTF - mean of transformed flows
I STF - standard deviation of transformed flows
'rTF - coefficient of serial-correlation of transformed flows
'XGQanAR2 - generated annual flows using ARMA(2,O)
'b - least squares regression coefficient
'XGQK - generated monthly flows using the Thomas-Fiering Kodel
'XGQMonth - generated monthly flows using the T\oIo-Tier Hodel
'NRep - number of replications
'NYear - number of year
'Month - number of month
, Avg - average
, Min - minimum
'Max - maximum
'Std - standard deviation
'Cs - coefficient of skewness
'rkl - auto-correlation coefficient lag-l
, rk2 - auto-correlation coefficient lag-2




OPEN "e: \data\SQHonth.dat" FOR INPUT AS #60 ' input-output rile
OPEN "C: \data\QAnnAR2.dat" FOR INPUT AS #61 ' input-output file











PRINT "The program of TTier is finish"
LOCATE 15, 10
PRINT "TlerQann.Bas"
OPEN "e: \data\TQanstat.dat" FOR OUTPUT AS #1iJ) , input-output file
OPEN "c: \data\TierQann.dat" FOR INPUT AS 1107 I input-output file
GOSUB tnlt.Stat.QAnn
FOR NR = 1 TO NRep
LOCATE 13, 10




OPEN "c:\data\TQanStat.dat" FOR INPUT AS 1104 "i!"lput-output file
GOSUB Statistics.Test.Qann
LOCATE 15, 10




PRINT "st1'lltistical tests of TierQMon.Bas"
OPEN "c: \data\TierQHon.dat" FOR INPUT AS #204 ' input-output file












PRINT "The program of Two-Tier is completely finish"
PRINT #22,
PRINT #22, "The simulation is finish at NS: ", KS
PRINT #22, "Finish at: ", DATE$, TIME$
END
, ***** **** .*****.*••**.**••••**** *.**** *•••••••••••••••
'. Initialization




DIM YGQan(-l TO 100), XGQanl-l TO 100). XGQAnn(61), XGQaMR2 (-1 TO 61)
DIM XGQM(13, 100), SXGQM(6l). b(l3). rTF(l3), t(l3), xel3, 61), MTF(lS). STF(lJ)
DIK KinXGQMonth(13, 100), Hll.xXGQMonth{ll, 100), XGQMonth(13, 60). HXGQMonthllJ, 100)
DIM srklQanal(l3, 100), srklQanbl(13, 100), rklXGQMonth(13, 100), srk2Qanal(l3. 1001
DIM srk2Qanbl(13, 100), rk2XGQHonth(lJ, 100), Imd.(13)
DIM SXGQHonth(lJ. 100), AXGQMonth(lJ, 100), SDXGQMonthS(lJ, 100), SDXGQHonthC(13, 100)




, +++++++Read da til.
'Mean of Transformed Flows" MTF
READ MTF(l), MTF(2), KTF(J), HTF(4), MTF(5), "TF(6), HTF(7), HTF(8), MTF(9), "Trela),
MTF(l1), MTF(12), MTF(13)
DATA 10.001, 10.292, 7.514, 6.362, 5.979, 10.719. 26.220, 124.710, 6.654. 41.560, 17.854,
669.000
'Standard deviation ot Transt:JtlI\ed Flows"" STF
READ STF(I). STF(2), STF(J) , STF(4), STF(5), STF(6), STF(7) , STFeB), STF(9) , STF(lO),
STF(ll), STF(12), STF(IJ)
DATA 1,864, 2.766, 2.948, 3.122, 3.194, 5.176, 10.050, 46.840, 0.523. 10.030, 3.479, 269.300
'Coer. of Correlation of Transformed Flows of February-January" rTF(l)
READ rTF(I), rTF(2), rTF(3). rTF(4), rTF(S), 11'F(6) , rTF (7) , rTF(S), rTF(9), rTF(10),
rTF (11) , rTF(12)
DATA 0.591, 0.732, 0.825, 0.654, 0.673, 0.695, 0.492, 0.158, 0.392, 0.377, 0.461, 0.915
'Lambda
READ lad (1) , Imd(2), lmd(J) , Il11d(4), lmd(5), lllld(6) , 1I1d(7) , lmd.(8) , htd(9) , 1md(lO),
Illld(ll) , Imd(12), Imd(lJ)
DATA 0.234,0.317,0.297,0.304,0.293,0.405,0.545, 0.860, 0.073, 0.592, 0.360, 1.183, 0.23<1
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RETURN
, ********** ***** ••*** **** ***••****.*.*********•••*•••••** **
,* Generate Annual Flows
'.**••*.**.** ••****.******•••••••••••******••••••••• *••*****••••• ** *
Generate. Ann:
IF NR = 1 THEN
PRINT 12. DATE$, TIME$
PRINT 12,
PRINT #2, "Agung W.H. SOEHARNO"
PRINT #2, "Output Program of Two-Tier Method"
PRINT 12,
PRINT #2, "Statistical Characteristics of Historical Annual. Flow"
PRINT #2," QanKin AvgQan QanMax StdQan CsQan rklQan rk2Qan HQan"
PRINT #2, USING "#11111.#'#"; QanKin; AvgQan; QanMax; StdQani CsQan; rklQan; rk2Qan; HQan
PRINT #2,
PRINT #2, "Stochastic Model: ARHA{2,O)"
PRINT #2, "YGQan(NYear) Q .1758 .. YGQan(NYear - 1) + .3737 ... 'iGQan(NYear - 2) + 943.87 +
(478.056) * t
XGQanAR2 (H'iearl ... 'iGQan(H'iear)
PRINT #2,
PRINT #2, "XGQanAR2(N'iear) '" YGQan(N'iear) 10
ELSE
END IF
XGQanAR2 (0) ... AvgQan: XGQanAR2 (-1) '" AvgQan
FOR KYear ... 1 TO N
10 GOSUB random. number
t - z
YGQan(NYear) - .~758 * YGQan{NYear - ~) + .3737 * YGQan(NYear - 2) + 943.87 + (478.056) * t
XGQat\AR2 (KYear) = YGQan(NYear)




WRITE #51., XGQanAR2 (NYear)
IF NR ;; 1. AND NYear "" 1 THEN
PRINT #2,
PRINT #2. "Output test for Number of Replication - 1."
PRINT #2," NYear XGQanAR2 (NYear)"
ELSE
END IF
IF NR : I THEN






, * b Calculation
, ••****•••••**********. ***** ********** **••****** ******** *** ***** ***** ****.
b. Calculation:
FOR Month - 1. TO 1.2
b(Month) - rTF(Konth) * (STF(Honth + 1.) I STF(Konth»
NEXT Month
RETURN
, ********** ••*•••***•••••*••**.*•••••*••••••••*** *****••••••••••••••••*•••
::*....*.....*.***.**...~:~:~:~:.~~~;~;r.;;~::**.**.*******....H •••• *****
Generate. Month:
'x (Honth=-Jan, NYear:1.) - Mean Transformed Flow (Jan)
12)





FOR NYear '" 1 TO N
FOR Month - 1 TO 12
20 GOSUB random. number
t(Month) = z
x(Month + I, NYear) - MTF(Month + 1) + b(Konth) * (x (Honth , NYear) - MTF(Month) l + t(Honth)
* STF(Honth + 1) * «1 _ rTF(Honth) A 2) A .5)




SELECT CASE Month ... 1
CASE 2
XGQH(Month + I, NYear) = (x (Month + I, NYear) * .317 + 1) (l I .317)
CASE)
XGOH(Honth + I, NYear) - (x(Honth + 1. NYear) * .297 + 1) (1 I .297)
CASE 4
XGQM(Month + I, NYear) = (x(Month + I, NYear) * .304 + 1) (1 I .304)
CASE 5
XGQM(Month + I, NYear) _ (x(Honth + I, NYear) * .293 + II (1 I .2931
CASE 6
XGQH(Konth + I, NYear) = (x (Month + 1, N'lear) * .405 + 1) (1 I .405)
CASE 1
XGQM(Month + I, NYear) _ (x (Month + I, NYear) * .545 + II (1 I .545)
CASE 8
XGQH(Month + 1, N'lear) :c (X (Month + 1, N'learl * .86 + I) '" (1 I .86)
CASE 9
XGOM(Month + I, NYear) - (x (Month + I, NYear) * .073 + 1) (1 I .073)
CASE 10
XGQM(Month + I, NYear) "" (x {Month + I, NYear) * .592 + 1) (1 I .592)
CASE 11
'"
XGQM(Month + 1, NYear) .. (x(Month + 1, NYear) •• 36 + 1) A (1 I .36)
CASE 12
XGQK(Month + 1., HYear) - (x(Honth + 1, HYear) ·1.1.83 + 1.) A (1. I 1..1.83)
CASE 13
XGQM(Month + 1. NYear) = (x (Month + 1, NYear) * .234 + 1) A (1 I .234)
END SELECT
NEXT Month
x(l, NYear + 1) = xll3. NYear)
NEXT N'lear
HTF(1) _ 10.001.
XGQM(I. 1) : ((IO.OOl) •• 234) + 1) A (1 I .234)
FOR N'lear ,. 2 TO N
XGQM(l. HYear} = XGQM(lJ. NYear - 1)
NEXT N'lear
FOR NYear = 1 TO N
FOR Month = 1 TO 12
WRITE 152. XGQM(Month. N'lear)
NEXT Month
NEXT NYear
FOR N'lear - 1. TO N
SXGQM(N'lear) = 0
NEXT NYear
FOR NYear '"' 1 TO N
FOR Month - 1. TO 1.2
SXGQM(Nyear) ... SXGQM(NYear) + XGQM(Honth, NYear)
NEXT Month







FOR NYear "" 1. TO N
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INPUT 161, XGQanAR2 (NYear)
INPUT 160, SXGQM(NYear)
FOR Month - 1 TO 12
INPUT 162, XGQM (Month , NYear)
NEXT Month
NEXT NYear
FOR NYear - 1 TO N
FOR Month - 1 TO 12
XGQMonth(Month, N'lear) = (XGQM(Honth, NYear) I SXGQM(NYear) l * XGQanAR2lNYearj
WRITE 172, HR, NYear, XGQMonth(Month, NYear)
NEXT Month
NEXT NYear
FOR NYear '" 1 TO N
XGQAnn(NYear) - 0
NEXT NYear
FOR NYear "" 1 TO N
.·OR Month = 1 TO 12

















' •••••••••*••••"'."' ••**••"'*****"'••••*••"'•••"'."''''*''''''''''''•• '''•••"'••••• "'."''''*•••••'''*'''
• Statistics. Calc











, ------------------ Max and Min
MaxMin.Calc.TT:
FOR Month "" 1 TO 12
HinxCQHonth(Honth. HR) _ 10000
MaxXGOMonth(Month. HR) - 0
NEXT Month
FOR NYear - 1 TO N
FOR Month - 1. TO 1.2
IF XGQMonth(Honth, NYear) < HinXGQMonth(Month, HR) THEN
MinXGQMonth(Month, NR) = XGQMonth(Month, NYear)
ELSE
END 1:F
IF XGOKonth(Month, NYear) > K8XXGQMonth(Month, NRI THEN






, ------------------------------ Avg .Calc
Avg.Calc.'l'T:
• ---------- Average ot XGQMonth
FOR Month _ 1. TO 12
SXGQMonth(Month, NR) .. 0
NEXT Month
FOR NYear - 1. TO N
FOR Month - 1 TO 12
~··,·-'·-···~··""-"-:r·,,,,:,,·,,,,,·,·1':··'1'"--":'!l""""""""~
SXGQMonth(Month. NR) • SXGQMonth(Month, NR) + XGQMonth(Month, NYear)
NEXT Month
NEXT NYear
FOR Month - 1 TO 12
AXGQMonth(Month, HRI • SXGQMonth(Month, NRI I N
NEXT Month
RETURN
• - --------------------- - ---- - - -Sumation
SUIl. Calc.Tl";
FOR Month - 1 TO 12
SDXGQMonthS(Month. NR) - 0
SDXGQMonthC(Month. NR) - 0
NEXT Month
FOR HYear "" 1 TO H
FOR Month - 1 TO 12
DXGQMonthS(Month, HRI • (XGQMonth(Month. NYear) - AXGQHonth(Month. HR) l A 2
SeXGQMonthS(Month. NRI _ SDXGQMonthS(Month, NR) + DXGQHonthS(Honth. HR)
DXGQMonthC(Month, NRI • (XGQMonth(Month. NYear) - AXGQMonth(Month. NRj) ~ J






FOR Month "" 1 TO 12
VXGQMonth (Month , NR) • SOXGQMonthS(Month. HRI I (N - 1)
StdXGQMonth(Month. NRl - (VXGQMonth(Month, NRII A .5
NEXT Month
RETURN
• -------------------- - ------ - - -----CsXGQMonth
cs.Ca1c.'1"'l";
FOR Month - 1 TO 12
an - H I «N - 1) * (N - 21)
a - an * SDXGQMonthC(Month. NRI






FOR Month ... 1 TO 12
srklQanal(Month, HR} ... 0
srklQanbl(Month, NR) = 0
NEXT Month
FOR HYear ... 1 TO H - 1
FOR Month '" 1 TO 12
srklQanal(Month, NR) '" srklQanal (Month, NR) + (XGQMonth(Honth, NYear) - AXGQManth(Manth, NR»
* (XGQMonth(Month + 1, NYear) - AXGQHonth(Konth, NRj)
NEXT Month
NEXT NYear
FOR NYear .. 1 TO N
FOR Month ... 1 TO 12




FOR Month ... 1 TO 12





FOR Month'" 1 TO 12
srk2Qanai (Month, NR) - 0
srk2Qanbl (Month, HRl '" 0
NEXT Month
FOR NYear '" 1 TO H - 2
FOR Month - 1 TO 12
srk2Qanal(Month, HR) = srk2Qana1(Month, NR) + (XGQMonth(Month, HYear) - AXGQManth(Month, HRJ J
* (XGQMonth(Month + 2, NYear) - AXGQManth(Month, NR»
NEXT Month
NEXT HYear
FOR NYear - 1 TO N
FOR Month ... 1 TO 12




FOR Month - 1 TO 12





IF NR = 1 THEN
PRINT 12. DATE$, TIME$
PRINT #2, "Agung W. K. SOEHARHO"
PRINT #2, ·output or Two - Tier Modal"
PRINT #2,
PRINT #2, "Hote: Month - 1 is May etc."
PRINT '2,
PRINT #2, .. NR Month Min Avg Max Std.Dev Cs rkl rk2"
ELSE
END IF
FOR Month - 1 TO 12
PRINT 12, USING "IIII.III"i "R; Month; MinXGQHonth(Month. HRl; AXGQHonth(Honth, HR) i
MaXXGQMonth(Honth, HRI; StdXGQMonth(Konth, NR); CSXGQMonth(Month, NR); rklXGQMonth{Month,
NH); rk2XGQMonth(Honth, NR)
WRITE #3, HR, Month, MinXGQHonthlMonth. HR). AXGQKonth(Month. HR). MaxXCQHonth(Month, NRI.









DIM 08(62), 5011(62), SOHMln(lOO), SDHMax(lOO) , RnH(1.00l. HXGQan(lOO)
DIM srk1.Qana2(1.00), srkloanb2(lOO), rk1.(1.oo), srk2Qana2(l.OO), srk20"nb2(100)
DIM rk2(lOO), MinXGQanllOO), MaxXGQanllOOI , 5XGQan(lOO), AXGQan(lOOI












,*********************************************** *****i<,,"1l *** ********* *** *••*.Statistics .Calc
,******************************""********************************************
statistics.Calc.OAnn:

















FOR NYear - 1 TO N





IF XGQan(NYear:-1 > Max THEN









,---------- Average of XGQan
5XGQan (1.7..) - 0
FOR NYear - 1 TO N
SXGQan(NR) "" SXGQan(NR) + XGQan(NYear)
NEXT NYear




SDXGQanS (NR) - 0
SDXGQanC(NR) a 0
FOR NYear '" 1 TO N
DXGQanS(NR) _ (XGQan(N'iear) - AXGQan(NR) I A 2
SDXGQanS (NR) .. SDXGQanS (NR) + DXGQanS (HR)
DXGQanC(NR) .. (XGQan(NYear) - AXGQan(NR») A 3





VXGQan(NR} ... SDXGQanS(NR) I eN - 1)





an '"" N I «N - 1) • (N - 2))
a = an • sDXGQanC (HRl




srklQana2 (HR) ;; 0
srklQanb2 (NR) ;; 0
FOR NYear = 1 TO N - 1
srklQana2 (NRl '" srklQana2 (NR) + (XGQan(NYear) - AXGQan(HR) l '* (XGQan(NYear + 1) - AXGQan(NR})
NEXT NYear
FOR NYear = 1 TO N
srklQanb2(NR) ;; srklQanb2(NR) + (XGQan(NYear) - AXGQan(NR» A :2
NEXT NYear




srk2Qana2 (NRl = 0
srk2Qanb2 (NRl = 0
FOR "Year ... 1 TO N - :2
srk2Qana2(NRl '"" srk2Qana2(NR) + (XGQan(NYear) - AXGQan(NR)) '* (XGQan(NYear + 2l - AXGQan(NR»
NEXT NYear
FOR "Year'" 1 TO N
srk2Qanb2 (NR) _ srk2Qanb2 (NRl + (XGQan(NYear) - AXGQan(NR» A 2
NEXT NYear





FOR NYear = 1 TO N
OH (NYear) =- (XGQan (NYear) - AXGQan (NR) )




FOR NYear = 1 TO N









SDHMin (NR) .. Min
SDHMax(NR) = Max
RnH(NR) ... SDHMax(NR) - SDHMin(NR)




IF NR = 1 THEN
PRINT 1102, DATE$, TIME$
PRINT 1102, "Output of TierQann.Bas"
PRINT 1102,
PRINT 1102,
PRINT 1102." NR MinXGQan AvgXGQan MaxXGQan StdXGQan CsXGQan rkl rk2 HXGQan"
ELSE
END IF
PRINT 1102, USING "11111.#11"; NR; MinXGQan(NR); AXGQan(NR); MaxXGQan(NR); StdXGQan(NR);
csXGQan(NR); rkl(NR); rk2 (HR); HXGQan(NR)
WRITE #103, NR. MinXGQan(NR), AXGQan(NR), KaxXGQan(NR), StdXGQan(NR), CsXGQan(NR), rkl(NR),
rk2 (HR). HXGQan (RR)
RETURN
........................ * '" "'.'" "'.
statistics. Test












FOR NR "" 1 TO NRep
INPUT #104. NR, Min)I'.':iQan(NR), AXCQan(NRI, MaxXCQan(NR). StdXGQan(NR), CsXCQan(NRI. rkl(NR).














FOR HR - 1 TO NRep
SAXGQan "" SAXGQan + AXGQan(NR)
sStdXCQan '"" SStdXGQan + StdXGQan{NR)
SCsXGQan - SCsXGQan + CSXGQan (NRI
Srkl - Srkl + rkl (HR)
Srk2 - Srk2 + rk2 (HR)
SHXCQan "" SHXGQan + HXGQan(NR)
SHinXGQan = SHinXGQan + HinXGQan(NR)
SMaxXGQan - SHaxXGQan + MaxXCQar.(NR}
NEXT NR
AAXGQan co SAXGQan I HRep
AStdXGQan _ sStdXGQan I HRep
ACsXGQan - SCsXGQan I NRep
Ark! '"" Srkl I NRep
Il>
Ark2 ... Srk2 I NRep
AHXGQan '" SHXGQan I NRep
AMinXGQan .., SHinXGQan I NRep
AMaxXGQan ... SMaxXGQan I NRep
RETURN










FOR NR .. 1 TO NRep
DAXGQanS .. (AXGQan(NR) - AAXGQan) A 2
SDAXGQanS >= SDAXGQanS + DAXGQanS
DStdXGQanS .. (StdXGQan(NR) - AStdXGQan)
SDStdXGQanS = SOStdXGQanS + OStdXGQanS
OCsXGQanS .. (CsXGQan(NR) - ACsXCQan) A 2
SDCsXGQanS = SDCsXGQanS + DCsXGQanS
DrklS .. (rk!(NR) - Ark!) A 2
SDrklS .. SDrklS + DrklS
Drk2S >= (rk2(NR) - Ark2) A 2
SDrk2S ... SDrk2S + Drk2S
DHXGQanS "" (HXGQan(NR) - AHXGQan)
SDHXGQanS '" SDHXGQanS + DHXGQanS
DMinXGQanS '"" (MinXGQan(NR) - AMlnXGQan) A 2
SDHinXGQanS = SDHinXGQans + DMinXGQanS
OHaxXGQanS = (HaxXGQan(NR) - AMaxXGQan)
SDKaxXGQanS .. SDKaxXGQanS + DMaxXCQanS
NEXT NR
R""URN
, --------------------------------Std of StdXGQan
StdStd. Calc. QARn:
VAXGQan = SDAXGQanS I (NRep - 1)
I"
StdAXGQan "" (VAXGQan) A .5
VStdXGQan _ SDStdXGQanS I (NRep - 1)
StdStdXGQan = (VStdXGQan) .. .5
VCsXGQan - SDCsXGQanS I (NRep - 1)
StdCsXGQan = (VcsXGQan) ... .5
Vrk1 = SDrklS I (NRep - 1)
Stdrk1 - (Vrk1) .... 5
Vrk2 = SDrk2S I (NRep - 1)
Stdrk2 = (Vrk2) ... 5
VHXGQan "" SDHXGQanS I (NRep - 1)
StdHXGQan _ (VHXGQan) A .5
VMinXGQan ... SDMinXGQanS I (NRep - 1)
StdMinXGQan = (VMinXGQan) ... .5
VMaxXGQan '" SDHaxXGQanS I (NRep - 1)
StdMaXXGQan - (VMaxXGQan) .. .5
RETURN
,------------------ 95 " Confidence Limits Tests
Conf idence. Test. OAnn:
LA - AAXGQan - 1. 96 '" StdAXGQan
UA :: AAXGQan + 1. 96 .. stdAXGQan
LStd "" AStdXGOan - 1.96 .. StdStdXGQan
Ustd = AStdXGOan + J..96 '" StdStdXGQan
Les _ ACsXGOan - 1.96 to StdCsXGQan
UCs = ACsXGQan + 1. 9t: to stdcsXGQan
Lrkl = Ark1 - 1.96 to Stdrk1
Urk1 - Ark1 + 1.96 to Stdrk1
Lrk2 - Ark2 - 1.96 to stdrk2
Urk2 - Ark2 + 1. 96 • Stdrk2
LHXGQan - AHXGQan - 1.96 • StdHXGQan
UHXGQan "" AHXGQan + 1.96 '" StdHXGOan
LHinXGQan '" AMinXGQan - 1.96 '" StdMinXGQan
UMinXGQan :>< AHinXGQan + 1.96 '" StdMinXGQan
LMaxXGQan = AMaxXGQan - 1.96 • StdMaxXGQan



















































, -----Lower " upper Limits
PRINT 1102,
PRINT 1102, .. L-Bonds Hist Gen. U-Bonds"
PRINT 1102, "AAvg "; USING """#11.111" LA; AvgQan; AAXGQan; UA
PRINT 1102, "AStd .. ; USING "##1#1#1.1#1" LStd; StdQan; AStdXGQan; UStd
PRINT 1102, "ACs .. ; USING "/1#1#1/.111" Les; CsQan; ACsXGQan; UCs
PRINT 1102, "Arkl "; USING "///11#/.1/1" Lrk1; rklQan; Arkl; Urkl
PRINT 1102, "Ark2 "; USING "1111111.111" Lrk2; rk2Qan; Ark2; Urk2
PRINT 1102, "Murst"; USING "1111111.111" IJIXGQan; HQan; AHXGQan; UHXGQan
PRINT 1102, "AMin "; USING "1111111."'" LKinXGQan; MinQan; AMinXGQan; UHlnXGQan
PRINT 1102, "Max "; USING "111111'.111" LMaxXGQan; MaxQanj AMaxXGQan; UMaxXGQan
PRINT #102,









DIM MinQMonth(121. MaxQMonth(12). AvgQMonth(12). StdQHonth(12I. rklQMonth(121
DIM rk2QMonth(12). CsQMonth(12). LAM(12), UAM(12), LStdM(12), UStdM(12), LCsH(12)
DIM UCsM(12), LrklM(12). Urk1M(12). Lrk2H(12), Urk2H( 12). LMlnXGQM(12). UHinXGQH(121
DIM LMaxXGQH!12). UHaxXGQM(12). VAXGQH(12), StdAXGQH(12). VstdXGQH(l2). StdStdXGQH(12)
DIM VCsXGQH(12). StdCsXGQM(12). VrklXGQM(12). StdrklXGQM(12). Vrk2XGQH(12). Stdrk2XGQH(12)
DIK VMinXGQK(12). StdMinXGQH(12). VMaxXGQH(12). StdMaxXGQM( 12). DAXGQHS(12), SQAXCQKS(12)
DIM DStdXGQHS(12). SDStdXGQHS(12). DCsXGQMS(12). SOCsXGQHS(12). DrklXGQHS(12), SDrklXGQHS(12)
DIM Drk2XGQMS(12). SDrk2XGQMS(12). OMinXGQMS(12). SOMinXGQHS(12). DMaXXGQMS(12)
DIM SDMaxXGQHS(12). AAXGQM(12). AStdXGQH(12). ACsXGQH(12). ArklXGQM(l2). Ark2XGQM(12)
DIM AMinXGQM(12), AMaxXGQH(12). SAXGQM(12). SStdXGQM(12). SCsXGQM(121. SrklXGQH(12)
DIM Srk2XGQM(12). SHinXGQM(12). SHaxXGQM(12). MinXGQM(12. 1001. HaxXGQM(12. 100)
DIM rklXGQM(12. 100). srk2Qana(l2. 100). srk2Qanb{12. 1001. rk2XGQH(12. 100), AXGQM(12. 100)
DIM SDXGQHS(12. 100). SDXGQMC(12. 100). DXGQMS(12. 100). DXGQMC(12. 100). VXGQM(12, 100)
DIM StdXGQM(12. 100). CsXGQM(12. 100)
N - 60
INPUT 1215. QMonth$
INPUT #215. HinQMonth(l) • HinQMonth(2) • MinQHonth(3) • HinQHonth (4) • MinQHonth(5) •
MinQMonth (6) • HinQHonth (7) • MinQHonth(8) • MinQHonth(9) • MinQHonth(10) • HinQHonth(ll) •
MinQMonth(121
INPUT #215. MaxQMonth(l) • MaxQMonth(2) • MaxQHonth(3) • MaxQHonth (4) • MaxQHonth(5) •
MaxQMonth (6) • MaxQMonth (7) • MaxQMonth (8) • MaXQHonth(9) • MaxQMonth(lO) • MaxQHonth(lOI,
MaXOMonth (12)
INPUT #215. AvgOMonth(l) • AvgQHonth(2) • AvgOMonth(3) • AvgQHonth (41 • AV<JQMonth(5) •
AvqQMonth(6) , AvgQMonth(7) • AvgQHonth(8) • AvgQMonth (9) • AvgQMonth(lO) • AvgQMonth(ll) •
AvqQMonth(12)
INPUT #215. StdQMonth{l) • StdQHonth (2) • StdQMonth (3) • StdQHonth (4) • StdQHonth (5).
StdQMonth(6) • StdQHonth (7) • StdQMonth(8) • StdQMonth(9) , StdQMonth(lO) • StdOHonth (11) •
StdQMonth(12)
INPUT #215. rklQMonth(l) • rklQHonth (2) • rklQMonth (3), rklQHonth (4) • rklQHonth (51.
rk1QHonth(6). rklQHonth(71. rklQMonth(8) • rklQMonth(9) , rklQMonth(10) , rklQMonth (11).
rklQMonth(12)
"0
INPUT #215, rk2QMonth(I), rk2QHonth(2), rk2QHonth(J). rk2QMonth(4). rk2QHonth(S),
rk2QKonth(6), rk2QHonth(7), rk2QMonth(8) , rk2QHonth(9), rk2QHonth(10), rk2QMonth(1l) ,
rk2QHonth (12)
INPUT #215, CsQHonth(l), CsQHonth(2) , CsQHonth(J), CSQHonth(4). CSQMonth(S) , CsQHonth(6).
CsQMonth(7), CsQMonth(8), CsQMonth(9) , CSQHonth(10), CSQHonth(ll), CsQHonth(l2)
RETURN
, ••••••••••••••••••••••••• *••**••• **** **.****.* *******••*••**.*.*******•••*
Statistics.Test











FOR NR = 1 TO NRep
FOR Month = 1 TO 12
INPUT #204, HR, Month, KinXGQM(Honth, NR), AXGQM(Month, NR), MaXXGQMIHonth, NR),




, ------------------------------ AvgAvg. Calc
AvgAvg.Calc.Mon:
.---------- Average of XGQM(Monthl
FOR Month .. 1 TO 12
SAXGQM(Month) .. 0








FOR Month - 1 TO 12
FOR NR .. 1 TO NRep
SAXGQM(Month) .. SAXGQM(Monthl + AXGQM(Month, NR)
SStdXGQM(Honth) .. SStdXGQM(Monthl + StdXGQM(Month. NR)
SCsXGQM(Month) - SCsXGQH(Month) + C&XGQM(Month, NR)
SrklXGQM(Mcnth) .. SrklXGQM(Month) + rklXGQM(Month, HR)
SrJc2XGQM(Month) - SrJc2XGQM(Monthl + rJc2XGQM(Month. HR)
SMinXGQM(Month) .. SMinXGQM(Month) + MinXGQM(Month, HR)
SMaxXGQM(Month) .. SMaxXGQM(Month) + MaxXGQM(Month, HR)
NEXT NR
NEXT Month
FOR Month - 1 TO 12
AAXGOM(Month) - SAXGQM(Month) I NRep
AStdXGQM(Month) .. SStdXGO:M(Month) I NRep
ACsXGQM(Month) "" SCsXGQM(Monthl I NRep
ArklXGQM(Month) - SrklXGQM(Month) I NRep
Ark2XGQM(Month) .. Srk2XGQM(Month) I NRep
AMinXGQM (Month) .. SMinXGQM (Month) I NRep
AMaxXGQM (Month) - SKaxXGQM (Month) I NRep
NEXT Month
RETURN
, ------------------------------Sulllation of Sumation
SumSWl. Calc. Mon:





SDrk2XGQMS (Month) "" 0
SDMinXGQMS(Month) - 0
SDMe,xXGQMS (Month) - 0
NEXT Month
FOR Month = 1 TO 12
FOR NR .. 1 TO NRep
DAXGQMS(Month) '" (AXGQM(Month. NR) - AA.XGQM(Month)) A 2
SDAXGQMS (Month) - SDAXGQMS (Month) + OAXGQMS (Month)
DStdXGQMS(Mor,ch) .. (StdXGQM(Month, HR) - AStdXGQM(Honth)} A 2
SDStdXGQMS (Month) ... SDStdXGQMS(Month) + DStdXGQMS(Monthl
DCsXGQMS(Month) ... (CsXGQM(Month, NR) - ACsXCQMIMonthl) A 2
SOCsXGQMS (Month) .. SOCsXGQMS (Month) + DCsXGQMS (Month)
DrklXGQMS(Month) "" (rklXGQM(Month, HR) - Ark1XGQM(Monthll A 2
SDrklXGQMS(Month) ... SDrklXGQMS(Monthl + DrklXGOMS(Month)
Ork2XGQHS(Month) .. (rk2XGQM(Month, NR) - Ark2XGQH(Month» ... 2
SOrk2XGQMS(Month) .. SDrk2XGQMS(Month) + Drk2XGQMS(Monthl
DKinXGQMS(Month) .. (MinXGQM(Month, NR) - AMinXGQM(Month) l A 2
SDMinXGQKS(Month) .. SDMinXGQMS(Monthl + DKinXGQMS(Month)
DMaxXGQMS(Month) .. (MaxXGQM(Konth, MR) - AMaxXGQM(Honth» A 2




• --------------------------------Std of StdXGQM (Month)
StdStd.Calc.Mon:
FOR Month :::: 1 TO 12
VAXGQM(Month) .. SOAXGQMS(Month) I (NRep - 1)
StdAXGQM(Monthl .. (VAXGQM(Month» A .5
VStdXGQM(Month) .. SDStdXGQMS(Month) I (HRep - 1)
StdStdXGQM(Konth) .. (VStdXGQM(Konth) .... 5
VCsXGQM(Month) .. SDCsXGQHS(Honth) I (NRep - 11
StdCsXGQM(Konth) .. (VCsXGQH(Monthl) A .5
;rrkUGQM(Month) .. SDrk1XGQKS(Month) I (HRep - 1)
stdrklXGQM(Month) .. (VrklXG(lM(Month)) .... 5
Vrk2XGQK(Month) .. SDrJc:2XGQMS (Month) I (NRep - 1)
Stdrk2XGQM(Mo:\th) '"' (Vrk2XGQM(Month» .... 5
VMinXGQM(Month) "" SDMinXGQMS(Month) I (NRep - 1)
StdMinXGQM (Month) .. (VMinXGQM (Month» ... .5
VMaxXGQM(Konthl .. SDNaxXGQHS(Monthl I (NRap - 1)
StdMaxXGQM(Month) .. (VM4xXGQM(Konth» .... 5
NEXT Month
RETURN
.------------------ 95 '" Confidence Limits Tests
Conf idence. Test. Non:
FOR Month" 1 TO 12
~.- ~_~,~.~~!" (w,. II. J;EWq
14'
LAH(Month) 2 AAXGQM(Honth) - 1.96 StdAXCQH(Honth)
UAM(Month) = AAXCQM(Monthl + 1.96 StdAXGQM(Month)
LStdM(Month) "" AStdxCQH(Monthl - 1.96 StdStdXGQM(Monthj
UStdJII(Month) - AStdXC(2N(Honth) + 1.96 StdStdXGQM(Month)
LCsM(Month) = ACsXCQM(Month) - 1.96 StdCsXGQH(Month)
UCsM(Month) = ACsXGQM(Monthl + 1.96 StdCsXGQM(Honthl
LrklM(Month) - ArklXGQM(Honth) - 1.96 stdrklXGQM(Month)
UrklM(Month) - ArklXGQM(Month) + 1.96 StdrklXGQM(Honth)
Lrk2M(Month) = Ark2XGQH(Month) - 1.96 Stdrk2XGQM(Honth)
Urk2H(Month) .. Ark2XGQM(Month) + 1.96 Stdrk2XGQH(Month)
LMinXGQN(Month) - AMinXGQM(Month) - 1.96 StdHinXGQM(Honth)
UMinXGQM(Month) .. AMinXGQH(Month) + 1.96 StdHinXGQM(Month)
LMaxXGQH(Month) - AMaXXGQH(Monthl - 1.96 StdHaxXGQH(Month)






PRINT 1202, OATE$, ·.~!ME$
PRINT 1202, "output of TierQHon.8as"
PRINT 1202,
PRINT 1202, "--------------> S tat i s tic s • T e s ttl
'-----Lower & Upper Li.its
PRINT 1202,
PRINT 1202, "95 \: Confidence Li.its Tests"
PRINT 1202, "Lower and Upper Bonds "
PRINT 1202,
FOR Month _ 1 TO 12
PRINT #202, "Month - .. , ""'nth
PRINT 1202,
PRINT 1202, " L-Bonds Hiat Gen. U-Bonds"
PRINT #202, "AAvg "; USING "111/111.111"; LAM(Month); AV9QMO!lth(Month); AAXGQM(Monthl;
UAH(Honth)
FRINT 1202, "AStd "; USING "11//111./11"; LStdM(Honth); StdQMonthIMonth); AStdXGQM(Monthj;
UStdM.(Month)
10
PRINT #202. "ACs "; USING "1111111.111"; LCsM(Month); CsQMonth(Month); ACsXGQM(Month);
UCsM(Month)
PRINT 1202. "Ark1 "; USING "1111111.111"; Lrk1H(Konth) i rklQHonth (Month); ArklXGQH (Month) ;
UrklK(Konth)
PRINT 1202, "Ark2 "; USING "1111111.111"; Lrk2H (Month); rk2QMonth (Month); Ark2XGQM (Month) ;
Urk2M(Konth)
PRINT 1202, "AMin "; USING "1111111.111"; LMinXGQM(Month); HinQHonth(Honth);
~inXGQK(Month); UMinXGQM (Month)





PRINT 1202, "Test result of the confidence interval at level 95'"
PRINT #202, "Note Month - 1 is Hay, etc."
PRINT 1202,
FOR Month - 1 TO 12
IF (LAM (Month) <- AvgQMonth(Month» AND (AvgQHonth(Month) <- UAH(Month)} THEN
PRINT 1202, "AvgQMonth of Month -"; Month; "is ok."
ELSE
PRINT 1202, "AvgQMonth of Month -"; Honth; "is not ok."
END IF
IF (LStdM (Month) <- StdQMonth (Month» AND (StdQMonth (Month) <- UStdM (Month)) THEN
PRINT #202, "StdQMonth of Month -"; Month; "is ok."
ELSE
PRINT #202, "StdQMonth of Month -"i Month; "ia not ok."
END IF
IF (LCsM(Konthl <.. CsQMonth(Month» AND (CaQKonth(Monthl <- UCsM(Month)I THEN
PRINT #202, "CsQMonth of Month -"; Month; "is ok."
ELSE
PRINT #202, "CsQMonth of Month -"i Konth; "is not Ok."
END IF
IF (LrklM(Month) <- rklQHonth(Month) AND (rklQMonth(Month) <- UrklM(Honth» THEN
PRINT #202, "rklQHonth of Month _"; Month; "is ok."
ELSE





IF (Lrk2K(Honth) <= rk2QMonth(Month) AND (rk2QMonth(Month) <'" Urk2M(Monthll THEN
PRINT #202, "rk2QMonth of Month clli Month; "is ok."
ELSE
PRINT 1202, "rk2QMonth of Month ="i Month; "is not ok."
END IF
IF (LMinxGQMCMonth) <'" MinQMonth(Month») AND (MinQMonth{Month) <- UHinXGQM{Month) THEN
PRINT #202, "MinQMonth of Month _"; Month; "is ok."
ELSE
PRINT 1202, "HinQMonth of Month ",-; Month; "is not ok."
END IF
IF (LMaXXGQH{Honth) <- HaxQMonth(Honth» AND (MaxQMonth(Konth) <'" UMalCXGQK(Month») THEN
rRINT #202, "MalCQMonth of I\~th ",It; Month; "is ok."
ELSE




PRINT #202, "The program of TierQMon is finish."
RETURN
'"
I Appendix - G
Listing' Prograa of tbe Citarua Su.ulatf,.oD M04el
(CTJl-8D10D)
The appendix gives the computer coding of the CitaruIII
Simulation Model (erR-SIMOO) that used for the simulation or
reservoir operations of the Citarum. Hydropower System. The program
was written using the QUlckbasic software package. It contained
four stand-alone EXE tiles cOillpiled from *. BAS t' iles. The
SAGcrR.EXE simulated reservoir operations for the Saquling
Reservoir, the CIRCTR.EXE for Cirata, and the JATCTR.EXE tor
Jatiluhur. The enerqy output produced by those three programs were
then statistically analyzed by the EGYCTR.EXE. These *.EXE tilu
could be put in a disk drive c. The directories \data, \Sag, \Cir,
\Jat, \Eqy and \SWIl have to be created in the disk drive c.
The input files for the program are:
- Geries of synthetic monthly flows, generated using the CTR-
STOCHMOD, (c: \data\TierGQM'.dat),
- rule curves for the sagulinq, Cirata and Jatiluhur
reservoirs, (c: \sag\RCsaq.dat, c: \eir\RCclr.dat, e: \jat\RCJat.dat),
- evaporation coetticients tor the saqulinq, Clrata and
Jatiluhur reservoirs, (e: \saq\EVapsaq.dat, c: \cir\Evapeir.dat,
c:\jat\EvapJat.dat) ,
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number of replications, years .nd months,
(c:\data\NRepl.datj.
Other input-output files would be created automatically by the
programs.
The four programs were run using a batch file, and the output
files, were also copied using a batch file to be one summary file,









copy notesag. out+c: \sag\sgstat. out+sgsum. out file1
copy notecir. out+c: \cir\crstat.out+crsum.out tile2
copy notejat.out+c: \jat\jtstat.out+jtsum.out file3
copy filel+file2+fileJ+esum.out CTR·CROG.OUT
: END
The graphs of average monthly inflows, heads, turbine flow,,",
spills and energy generated for the sagul1ng, eirata and Jatiluhur
are then made using the output file c:\sum\CTR-CROG.out. The
reliability curves of annual energy generated are made using the
output files: c:\egy\EsagY.out, EeirY.out and EJatY.out.
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'NIFI - inflows to Node 1: the Nanjunq Gauge Site
'NI.F2 - inflo....s to Node 2: the saguling Reservoir
'NST2 - reservoir storage Node 2
, NOF2 - turbine flows from Node 2
'NEV2 - evaporations Node 2
'LEG2 - energy produced by hydropower Node 2: the saguling Hydropower Plant
, ASur2 - reservoir surface area Node 2
'Head2 - heads of hydropower Node 2
, AI..gHead2 - 3verage of heads of the beginning and the end of month Node 2
'5pi112 - spill flows Node 2
'RC2 - rule curve or reservoir storage targets Node 2
'MinQTb2 - minimull flow of turbine Node 2
'CapPlant2- installed capacity of hydropower Node 2
'DNST2 - dead storage of Node 2
'Coeta2, Coefb2 - constants for calculating reservoir surface area Node 2
'Coefc2, Coetd2, Coete3 - constants for calculating hydropower plant head Node 2
'MtpFlow2 - flow coetf icient Node 2
'CoefPlant2 - plant efficiency Node 2
'NR - number of replications
'NYear - nUlIlber of year
'Month - nuaber of month
, Avg - average
'Min - minimum
'Max - maximum
'Std - standard deviation
I"
, *** *** **** ****** **** ****** *** ** **** *__ lit __ • __ ** **_
Main Module









PRINT "The Program of Sag-Ctr is Finish."





















100 LOCATE 17. 10
PRINT "Tbe Sub-Program of ASag-Crt is finish."
LOCATE 21, 10




,*••••*••••*.****** ••••*••• **.*. ***••***.*. * .
Initialization. Sagctr:
, $DYHAMIC
DIM TNST(61), TNST'Ill (61). TNIF(61) , TNEV(61). TSpill (61). TNOF(61), CheckTDNST(61), TNOF2 (13,
61)
DIM QRSaq AS STRING, CRSag AS STRING, "IF1(13, 61). NIF2(13, 61). NST2(13, 61), HOr2(13, 61),
NEV2(13, 61)
DIM LEG2(lJ. 61), ASur2(lJ), Head2(13), AvgHead2(13) , Spi1l2(13, 61), CoefEvap2(13),
HOUR(12), QR21.(13), RCa(I3)
OPEN ·c:\data\NRepl.dat" FOR INPUT AS #1 'Nullber of replication, year" month of simulation
OPEN ·c: \data\TierGQM.dat" FOR INPUT AS 12 'Genenerated monthly flows
OPEN ·c:\saq\EvapSag.dat" FOR INPUT AS #3 'Coef of Evaporation for the sagu1ing Reservoir
OPEN "c:\sllIJ\RCSaq.dat" FOR INPUT AS #12 'Rule curve for the Saqulinq Reservoir
OPEN ·c:\sag\SqStat.out" FOR OUTPUT AS In 'Stat. calc. for the Saguling Res.
OPEN "c:\sua\sgsulll.out· FOR OUTPUT AS 116 'SullLJllary output for the 5a9u1in9 Res.
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OPEN "c:\st:m\notesag.out" FOR OUTPUT AS 14 'Note for saguling simulation.
OPEN "c:\saq\SaqInp2.0ut" FOR OUTPUT AS 16 'Input-output file.
OPEN "c:\sag\Sagcir.Ollt l • FOR OUTPUT AS 110 'Input for simulation of the cirata Res.
OPEN "c;\saq\SqInput3.dat" FOR OUTPUT AS 138 'Input-output file.
















PRINT 14, OATE$, TIME$
PRINT ",
PRINT #4,
PRINT 14, SAG U LIN G·.·•••• •••••••••••••••••"
PRINT 14,
PRINT #4, Print Out Test of Sag-Ctr Program for NYear = "; NTest
PRINT #4,
INPUT #1, Month, "Year, NReplicate






#11. ## ###. ##"
INPtrr #3. CoefEvap2 (1). CoefEvap2 (2). CoefEvap2 (3). CoefEvap2 (4). coefEvap2 (5) •
CoefEvap2 (6). CoefEvap2(7). CoefEvap2 (8), CoefEvap2 (9), coefEvap2 (10). CoetEvap2(1l).
CoefEvap2 (12)
PRINT #4, " CE(I) CE(2) CE(J) CE(4) CE(S) CE(6) CE(7) CE(S) CE(9) CEllO)
CE(ll) CE(12)"
PRINT #4, USING c$; coetEvap2(1); CoefEvap2(2) i CoefEvap2(3); coefEvap2(4);




INPtrr #12, RC2ICII. RC21(2), RC21(3), RC21(4). RC21(SI, RC21(6). RC21(?).
RC2I(e), RC2I(9). RC21CIO), Re21(1l), RC21(12)
PRINT #4.
PRINT #4, RCSag$
PRINT #4, "RClil RC2i2 RC2iJ RC2i4 RC2i5 RC2i6 RC2i7 RC2i8 RC2i9 RC2ilO
RC2ill RC2i!2"
PRINT #4, USING c$; RC21(1); RC21.(2); RC21(J); Re2l(4); RC2I{5); RC21.{6);
RC21(7); RC2I(8); RC21(9)j RC21(IO)j RC21(1l1j RC21(12)
PRINT #4,
PRINT #4, "Test at Reading Data of NIFl for N'i'ear = ". NTest
PRINT '4. "NR NY Nlfl(l) NIFI(2) NIF1(J) NIFl(4) NIFI(S) NIFl(6) NIFl(7)
NIFl(8) NIFI(9) NIFI(IO) NIFI(ll) NIFl.(12)"
a$ - -"" "#1 #III." "".1# 11##." 1111." 1111.11 #111.11 1111." #111."
""." 11#"." '''11.11 ###11.##"
RETURN
, **.It ***It It .*It .***•• it **.It •• It •••• It*•• it ltltlt It.ltlt ••• ltlt. it •• lt •••• ltlt •• lt ••• it ••• lt. it
, Shlulation
, •••••** •••**.***.***** *.It* *** **** *. ***••* t .
Si.ulatian.SagCtr:
1~2
OPEN Ole: \saq\SaqInpl..out" FOR OUTPUT AS #5 ' input-output file
FOR NYear ;; 1 TO MYear
TNST{NYear) =< 0
TNS-r.l (NYear) - 0
TNIF(NY••r) = 0
TNEV (NYear) .... 0
TSpill (NYear) _ 0
TNOF{NYear) :: 0
FOR Month - 1. TO :12
INPUT #2, NR. NYear, NIF1 (Month, N'lear)
IF NIF1(Month. NYear) < 0 THEN
NIFl(Month, NYear) - 0
ELSE
END IF
HIF2(Month, NYear) - MtpFlow2 * NIF1(Konth, NYear)
NEXT Month
IF (NR "" NRTest) AND INYear '" NTest) THEN
PRINT 14, USING as; NR; HYear; HIF1(1. NYear); NIFl(2, NYear); Nlrl(3, N'iear);
NIF1{4, NYear); NIF1(5, NYear); NIF1.(6, NYearl; NIF1.(7, "Year); N:lF1.(8, NYear); N:l~1.(9.





IF (NR .. NRTest) THEN
PRINT 14.
PRINT 14, "NIF2(D.onth, N'lear) ... HtpFloW2 * NIFl(l'lIonth, NYear)"
PRINT 14, IfMtpFloW2 '" "; MtpFloW2
PRINT 14,
PRINT 14, "Test output of Saq-Ctr pr09ram ror NYear ..... ; NTest
PRINT 14,
'pRINT #4. "NR NY Nth NIF2 NST2







NST2 (l, 1) '" NST2Max
RC21(13) - Re2I(!)
FOR NYear "" 1 TO MYear
LOCATE 5, 10
PRINT "S3g-Ctr,
FOR Month"" 1 TO 12
-";
- "i NYear
ASur2(Month) - Coeraz * (NST2(Honth, NYear) + DNST2) - Coefb2
ASur2 (Month + 1) "" Coeta2 * (Re21 (Month + 1) + DNST2) A Coefb2
NEV2(Month, NYear) '" CoefEvap2(Honth) * (ASur2(Monthj + ASur2(Month + 1)) * .5
NOF2(Konth, NYear) ., NST2(Konth, N'tear) - RC21(Honth + I) + HIF2(Montt!, Nyear)
- NEV2 (Month, NYear)
IF (NOF2{Month. NYear) < 0) THEN
NST2(Honth + 1, NYear) '"' RC21(Month + 1) t NOF2(Month, NYear)
HOF2 (Month, NYear) = 0




IF (HOF2 (Month, NYear) := 0) THEN
NST2(Month + I, NYearj ., RC21(Honth + I) + NOF2(Month, NYear)
NaT2 (Month, NYear) - 0





IF (0 < NOP2 (Month, NYear) AND NOF2 (Month, NYear) < MinQTb2) THEN
NST2(Month ... 1, NYear) so RC21(Month + 1) + KOF2 (Month, NYear)
HOF2(Month, NYear) ... 0
IF NST2 (Month ... 1, NYfI!ar) > NST2HaK THEN
spiI12 (Montb, NYear) ... NST2iHonth ... 1, NYear) - NST2MaK







Head2(Month) • Coete2 * (NST2(Honth, NYear) ... DNST2J .. Coefd2 ... Coefe2
Head2(Month ... 1) ... Coetc2 * (:._21(Honth ... 1.) ... ONST2) .. Coetd2 + CoeCe2
AvqHead2 ... (Hea42 (Month) ... Head2 (Month'" III * . 5
QTb2 ... (CapPlant2) I (CoefPlant2 * 9.81 * AvgHead2)
IF (NST2(Month, NYear) > NST2Max OR NST2(Month, NYearl ... NST2Maxl THEN
MaxQTb2 • 586.677
ELSE
MaxQTb2 • QTb2 * 2.628
END IF
IF (NOI"2 (Month, NYearl > MaKQTb2) THEN
DNOFMax - KOF2 (Month, HYear) - MaxQTb2




NST2(Month'" I, NYear) - RC21(Honth + 1) + DNQFMax
IF NST2 (Month ... 1, NYear) > NST2Hax THEN
Spi1l2(Month, NYear) = NST2(Month + I, NYear) - NST2Max
NST2 (Month + 1, NYear) Ie NST2Hax
ELSE
SpU12 (Month, NYear) ... 0
END IF
Head2(Month + U = Coefc2 * (NST2(Month + 1, NYear) + DNST2) " Coefd2 + Coefe2
IF NST2 (Month + 1, NYear) <= 0 THEN
Head2 (Month + 11 = Head2Min
ELSE
END IF
IF (NST2(Month + 1, NYear) >= NST2Maxi THEN
Head2(Honth + 1) Ie Head2Ha>:
ELSE
END IF
IF NST2 (Month, NYear) <= 0 THEN
Head2 (Month) '" Head2Kin
ELSE
END IF
IF (NST2(Month, NYear) > NST2Max OR NST2(Month, N'fear) = 0) THEN
Head2 (Month) ... Head2Max
ELSE
END IF
AvgHead2 = (Head2 (Month) + Head2 (Month + 1» * .5
101 LEG2(Konth, NYear) - (2.725 I 1000) * CoefPlant2 * AvgHead2 * NOF2(Month, NYear)
TNOF2(Honth, N'tear) ... NOF2(Month, N'tear) + spi1l2(Honth, NYear)
TNIF(NYear) ... THIF(HYear) + NIF2 (Month, N'tear)
TNEV(NYear) = TNEV(N'lear) + NEV2 (Month, NYear)
TSpill (NYear) = Tspill(NYear) + Spil12 (Month, NYear)
TNOF(NYear) Ie TNOF(N'lear) + NOF2 (Month, NYear)
,%
WRITE 15, NIF2 (Month, NYear), NST2 (Month, NYear), HOF2 (Month, NYear), NEV2(Month,
NYear), Spi1l2 (Month, KYear)
WRITE 16, LEG2 (Month, NYear)
WRITE 110, THOF2(Month, HYear)
IF (NYear - NTest AND NR - NRTest) THEN
PRINT 14, USING b$; HR; NYear; Month; NIF2(Honth, HYear); HST2(Month, KYear);




IF (KYear .. KTest + 1) AND INR .. NRTest) THEN




PRINT 14, USING b$; HR; HYear; Month.; NIF2(Honth, NYear); NST2(Month.. N'lear);





CheckTDNST(NYear) - NST2(l, N'lear) - NST2(n, NYear) ... TNIP(NYear) - TNEV(NYear) -
Tspill (NYear) - TNOF(HYear)
NST2(l, HYear + 1) - NST2(l), N'lear)
IF (NYear .. NTest AND NR - NRTest) THEN
PRINT #4, .. NR NY Month NSTl MSTl) TNIF TNOF TNEV TSpill
CheckTDNST"
PRINT #4, USING b$; HR; NYear; HMonth; NST2(l, KYear); NST2(lJ, NYear);

















IHonth • Month: NIYear • "Year: IReplicate • NReplicate
DIM TimeStep AS STRING, Replicate AS STRING, NIntlow2(12, 7201, NStor2(12, 72C,
DIH NOutFloW'2(12, 720), NEvapor2(12, 720), Min(IHonth), Hax(IMonth), HinNIF2(IHonth),
HaxNIF2 (IHonth)
DIM MinNST2 (IMonth), MaXNST2 (IMonth). MinNOF2 (IHonth), MllXNOF2 (IHonth). MinNEV2 (IMonth).
MaxHEV2 (IHonth)
DIM MinSPILL2(IKonth). KaxSPILL2 (IMonth), SNIF2(IMonth, IReplicatt!). ANIF2 (IHonth,
IReplicate)
DIM SDNIF2S(IHonth. IReplicate). VNIF2 (IMonth. IReplicate). StdNIF2 ("Month, tReplicate).
DNIF2S (Utonth, IReplicate)
DIM SNST2(IMonth. IReplicatel. AHST2(IHonth, IReplicate), SDNST2S(IMonth. IReplicate)
DIM VNST2 (IHonth. IReplicate). StdNST2 (IHonth, IReplicate). DNST2S(IHonth, IReplicate)
DIH SNOF2(IHonth. IReplicate), ANOF2(IMonth, IReplicate). SDNOF2S(IHonth, IReplicate)
DIM VHOF2(IMonth, IReplicate), StdNOF2(IMonth. IReplicate). DNOF2S(IHonth. IReplicatej
DIM SNEV2(IMonth. IReplicate), ANEV2(IMonth. IReplicatlll. SDNEV2S(IHonth, IReplicate)
DIM VNEV2(:IHonth. lReplicate), StdHEV2(IHonth. IReplicate). DNEV2S(IMonth. IRaplic:ate}
1~1I
DIM SSPILL2 (IMonth, IReplicatel, ASPILL2IIMonth. IReplicate). SDSPILL2S(IMonth. IReplicate)
DIM VSPILL2lIHonth, IRepliCllte), StdSPILL2lIMonth, IReplicate), DSPILL2S11Honth. IRopllcate)
a$ - """ "#,,#.,, 1#1111.11 1#1#11.""
RETlJRH
Statistics. Calc
••••••••••••••••••••••••••••••••••••••••••••••••*.*•• *.* ***** *. **** *••*.* ....*
Statistics. Calc.AsaqCtr:
OPEN "c: \saq\SaqInp1..out" FOR INPUT AS #36 'input of stat.calc
FOR N~ear = 1 TO Nnear
FOR Month - 1 TO 12
INPUT #36, tHF2{Honth, HYear), HST2 (Month, HYear), NOF2 (Month, NYear) , NEV2 (Month,












---> NR - "; NR
,------------------ Ha:w: and Kin
MaxHin.Calc:
FOR Month _ 1 TO 12
MinNIF2 (Month) - 10000
MaxNIF2 (Honth) - 0
,>0
KinNST2 (Me-nth) .. 10000
KaxNST2 (Month) .. 0
HinNOF2 (Month) .. 10000
HaxNOF2 (Month) .. 0
MinNEV2 (Month) .. 10000
MaxNEV2 (Month) .. 0
MinSPILL2 ("onth) .. 10000
MaxSPILL2 (Month) a 0
NEXT Month
FOR Month - 1 TO 12
FOR NYear ., 1 TO NIYear
IF NIF2(Month. NYear) < MinNXF2(Month)
HinNIF2 (Month) ... NIF2 (Month, NYear)
ELSE
END IF
IF NIF2(Month, NYear) > M&XrUF2(Honth) THEN
MaxNIF2 (Month) - KIF2 (Month, NYear)
ELSE
END IF
IF NST2 (Month, KYear) < MinNST2 (Month) THEN
HinNST2 (Month) ... NST2 (Month, NYear)
ELSE
END IF
IF NST2(Honth, NYear) > HaxNST2(Month} THEN
MaXNST2(Honth) :c HST2{Month, NYear)
ELSE
END IF
IF NOF2 (Month, NY"ear) < HinNOF2 (Month) THEN
MinNOF2.(Month) - NOF2(Month, NYear)
ELSE
END IF
IF MaF2 (Month, NYear) > HaxNOF2 (Month) THEN
MaxNOF2 (Month) - HOF2 (Month, KYearl
ELSE
END IF
IF N£V2(Month. NYe&r) < MinNEV2(Mor.';h) THEN
11';0
MinNEV2 (Month) = NEV2 (Month, NYeat")
ELSE
END IF
IF NEV2 (Month, N'{ear) > MaxNEV2 (Month) THEN
MaxNEV2 (Month) - NEV2 (Month, NYear)
ELSE
END IF
IF Spi1l2 (Month, N'{ear) < MinSPILL2 (Monch) THEN
MinSPILL2{Honth) = spil12(Honth, NYear)
EL-SE
END IF
IF Spil12(Month, NYear) > HaxSPILL2(Month) THEN






~~~~~~l;~---------------------- Avq. Ca Ie
, ---------- Average of NEV2
FOR Month = 1 TO 1.2
SHIF2 (Month, NR) = 0
SHST2 (Month, NR) ,.. 0
SNOF2 (Month, ~R) = 0
SNEV2 (Month, NR) = 0
SSPILL2 (Month, NR) II:. 0
NEXT Month
FOR N'{ear .. 1 TO NIYear
FOR Month = 1 TO 12
SNIF2(Month, NR) - SNIF2(Month, NR) + NIF2(Month, NYear)
SNST2 (Month, NR) = SNST2(Month, NR) + NST2 (Month, N'lear)
SNOF2 (Month, NR) = SNOF2(Honth, NR) + NOF2 (Month, NYearl
SNEV2(Honth, NR) ... SNEV2(Honth, HRl + HEV2(Honth, ti"lear)
SSPILL2(Month, HR) = SSPILL2(Month, HR) ... Spi112(Honth, HYear)
NEXT Month
NEXT NYear
FOR Month'" 1 TO 12
ANIF2 (Month, HRl = SHIF2 (Month, HR) I NIYear
ANST2(Month, HRl = SHST2(Honth, NR) I NIYear
ANOF2(Honth, HRl = SNOF2(Month, NRl / NIYear
ANEV2 (Month, HRl ... SNEV2 (Month, HR) / NIYear
ASPILL2{Month, NR) = SSPILL2(Month, NR) I NIYear
NEXT Month
RETURN
~~~~~;l~~----- -----------------Suma t 1 on
FOR Month'" 1 TO 12
SDNIF2S (Month, NR) .. 0
SDNST2S(Honth, NR) "" 0
SDNOF2S(Month, NR) = 0
SDNEV2S (Month, HR) ., 0
SDSPILL2S (Month, HR) = 0
NEXT Month
FOR NYear - 1 TO NIYear
FOR Month ... 1 TO 12
DNIF2S(Month, HRI ... (HIF2(Month, NYear) - AHIF2(Month, NR)J A 2
SDNIF2S (Month , NR) - SDNIF2S(Honth, NR) + DNIf2S(Honth, NRI
DHST2S(Month, HRI ., (NST2 (Month, NYear) - ANST2(Month. NR) I
SDNST2S(Honth, HRJ = SDNST2S(Honth, NR) ... DNST2S(Honth, HR}
DNOF2S(Month, NR) .. (NOF2(Month, NYear) - ANOF2(Month, HR)) - 2
SDHOF2S(Honth, NR) ... SDNOF2S(Month, NR) + DNOf'2S(Honth, NR)
ONEV2S(Month, HRI ., (NEV2(Month, NYear) - ANEV2(Honth. HRI) A 2
SDNEV2S(Honth, NR) ... SDHEV2S(Month, NRI + DHEV2S(Honth, NRI
DSPILL2S(Honth, NR) .. (spi1l2(Honth, NYear) - ASPILL2(Honth, NR» ~ 2




, ------------------------ - --- - ---S tdHEV2
Std. Calc:
FOR Month" 1 TO 12
VNIF2(Month, HRI .. SOHIF2S(Honth, HR) I (HIYear - 1)
StdNIF2 (Honth, NR) .. (VNIF2 (Honth, HR) I .. .5
VNST2(Month, NR) .. SDNST2S(Honth, HR) I (NIYear - 1)
StdNST2 (Honth, NR) .. (VNS'l2 (Honth. HR) I ~ .5
VNOF2(Honth, NR) .. SDNOf'2S(Honth. HRI f (KIYear - 1)
StdNOf'2(Honth. HR) .. (VNOF21Honth, HR» ~ .5
VNEV2(f!\onth, HR) .. SDNEV2S(Honth, HRl I (""near - 1)
StdNEV2 (Honth, HR) - (VNEV2 (Honth, MRl) ... 5
VSPILL2(Month, HR) .. SDSPILL2S(Honth, HRl I (HIYear - 1)




IF (NR .. NRTest) THEN
PRINT 117,
PRINT 117,
PRINT 117, .....gung W.H. SOEHARNO"
PRINT 117, D"'TE$, TIME$
PRINTI ,
... flfl ••••••••• fl •••••••••• fl ••••fl.fl •••••••• fl •••••••••••••***fl** ***111 •• '" '" '" '" *'" '" 111."'** *. "'* '" "'. "'. "' •• "'''
PRINT "7, ... Output or Sag-Ctr Progralll"
PRINT 117, "* Node 2 : S ... G U LIN COl
PRINT #17, "*"
PRINT 117, "-----------------------;>- Stat.Calc - Replicate no. It, NR
P R IN" I
""""**""""""""*"""""**"""*""""""""""**"",,*,,,,,,,,,,**.*,,,,**"*"."".*••".*""*,,,,**,,***,,*********,,...
PRINT 117,
PRINT #11, " NIF2 = Inflo'H to Hode2: Saguling"
PRINT 117,
PRINT 117," NYear Hay Jun Jul Aug Sep oct Nov Dec Jan
Feb Mar Apr"
PRINT 111,
FOR NYear "" 1 TO NIYear
PRINT 117, USING "1111.11"; NYear; NIF2 (1, NYear); NIF2 (2, NYear); NIF2 (), NYear);
NIF2 (4, NYear); NIF2 (5, NYear); NIF2 (6, NYear); NIF2 (7, NYear); HIF2 (8, NYear); NIF2 (9,
NYear); NIF2(10. NYear); NIF2(11, HYear); NIF2(12, NYear)
NEXT NYear
PRINT 117,
PRINT 117, II NR Hay Jun Jul Aug Sep Oct Hov Dec
Feb Har Apr"
PRINT #17, "Minimum of NIF2"
PRINT /17, USING "1111.11"; NR; MinHIF2(1); MinNIF2(2); MinNIF2(J)i MinNIF2(4);
MinNIF2(S); HinNIF2(6); HinNIF2(7); MinNIF2(81; MinIHF2(9); MillNIF2(lOJ; MinNIF2(ll);
HinNIF2 (12)
PRINT 117, "ANIF2 = Average of NIF2"
PRINT /17, USING "111#.11"; RR; ANIF2(1, NRl; ANIF2(2, HR); ANIF2(3, HR); ANIF2(4.
HR); ANIF2(5, NR); ANIF2(6, HR); ANIF2 (7 , HR); ANIF2(8, NR); ANIF2(9. HR); ANIF2(lO, NEl);
ANIF2(1l, HR); ANIF2(12. HR)
PRINT /17. "Maximum of NIF2"
PRINT #17, USING "1111.##"; NR; MaxNIF2(1); MaxNIF2(2); HaxNIF2(31; HaxNIF2(S);
MaxHIF2 (5); MaxNIF2 (6); MaxHIF2 (7); MaxHIF2 (8); MaxHIF2 (9); HaxNIF2 (10); HaxNIF2 (11);
MaxHIF2 (12)
PRINT 117, "StdNIF2 = Standard Dev. of NIF2"
PRINT #17, USING "1/11.1/"; NR; StdNIF2(1, HR); StdNIF2(2, HRl; StdNIF2{3. HR);
stdNIF2{4, NR); StdNIF2(5, NRl; StdNIF2(6, HR); StdNIF2(7, NRl; StdNIF2(B. NR); StdNIF2(9,
NR); StdNIF2{10, HRI; StdNIF2(1l. NRl; StdNIF2(12, NR)
PRINT #17.
PRINT #17, .. NST2 =: End of period Storage of Node 2: Saguling"
PRINT #17,




FOR NYear - 1 TO NIYear
PRINT #17, USING "1111.11"; NYear; NST2(I, NYear); NST2(2, NYear); H5T2(J. HYear);
NST2(4, NYear); N5T2(S, NYear); H5T2(6, NYear); N5T2(7, NYear); H5T2(8, HYear); N5T2(9,
"Year) i "5T2 (10, "Year); N5T2 (11, NYear); NST2 (12, "Year)
NEXT HYear
PRINT 117,
PRINT 117," NR May Jun Jul Aug Sep Oct Noy Dec .Jan
Feb Mar Apr"
PRINT /17, "Min1mum ot N5T2"
PRINT /17, USIHG "1111.11"; NR; "inN5T2(1); "1nNST2(2); MinN5T2(3); "1nN5T2(4);
HinNST2(S}; MinI\l5T2(6); M1nN5T2(71; M1nN5T2(8); H1nN5T2(9); M1nN5T2(LO); HinN5T2(lL);
H1nN5T2(12)
PRINT #17, "AN5T2 - Average ot H5T2 M
PRINT 117. U5ING "1111.#1"; HR; ANST2(1. HR); ANST2(2, HR); AHST2(l, HR); ANST2(4.
HR); AN5T2(S, NRI; ANST2(6, HR); ANST2(7, HR); AN5T2(8, HR); ANST2(9, NR); "H5T2(10, NR);
ANST2(ll, HR); ANST2(12, HR)
PRn.T #17, "Haximull ot H5T2"
PRINT #17, USIHG ""1#.11"; HR; MaXNST2(1); HaxNST2(2); MaXHST2(J)i MaxHST2(5);
MaxN'5T2 (5); MaxH5T2 (6); HaxN5T2 (7); MaxHST~ ;J); MaxHST2 (9); MaxHST2 (10); MlIxHST2 (111 ;
HaxHST2(12)
PRINT 117, "StdNST2 - Standard Dev. ot NST21$
PRIHT #17, USIHG ","#.""; HR; StdHST2(I, HR); StdHST2(2, HR); StdHST2(J, HRl;
5tdNST2(4, NR); StdNST2(5, HR); StdNST2(6, HR); StdHST2(7, HR); StdHST2(8, HR); StdHST2(9,
NR); StdNST2(10, NR); StdHST2(11, HR); StdNST2 (12, NR)
PRINT #17,
PRINT 117, " NOF2 - OutFlow trom Node 2: saguling"
PRINT #17,
PRINT #17, " NYear May Jun Jul Aug Sep Oct Nov Dec Jan
Feb Mar Apr" .
PRINT 117,
FOR NYear - 1 TO NIYear
PRINT #17, USING "1111.1#"; NYear; "OF2(I, NYear); "OF2(2, N'tear); NOF2(3, NYear);
NOF2(4, NYear); HOF2(5, NYear); "OF2(6, "Year); NOF2(7. HYear); NOF2(8, NYear): Hor2(9,




PRINT 117," NR May Jun .luI Aug Sep Oct Nov Dec Jan
Feb Mar Apr"
PRINT 117, "Minimum ot NOF2"
PRINT #11, USING .####.#1"; NR; MinNOF2(1); MinNOF2(2); MinNOF20); MinNOF2(4);
MinNOF2(5); KinNOF2(6); MinN0F2(7}; MinNOF2 (8); MinNOF2 (9); MinNOF2 (10); MinNOF2 (11);
P.inNOF2(12}
PRINT #11, "ANOF2 '" Average of NOF2"
PRINT #17, USING "1111.##"; NR; ANOF2(1, NR); ANOF2(2, NRI; ANOF2(J, NR); ANOF2(4,
NRI; ANOF2(5, NR); ANOF2(6, HR); ANOF2(1, HR); ANOF2(8, HRI; ANOF2(9, HR); ANOF2(10, NR);
ANOF2(1l, NR); ANOF2(12, NR)
PRINT 117, "Maximull of NOF2"
PRINT #17, USING "#1#1.1#"; NR; HaxNOF2(I); HaxNOF2(2)i MaxNOF2{J); MaxNOF2(5);
MaxNOF2(5); MaxKOF2(6); MaxNOF2 (7); MaxNOF2 (8); MaxNOF2(9); MaxNOF2 (10); MaxNOF2(1l);
MaxNOF2 (I2)
PRINT #17, "StdNOF2 - Standard Dev. of HOF2"
PRINT 117, USING "1111.##"; HR; StdNOF2(I, NR); StdNOF2(2, NR); StdNOF2{J, HR);
StdNOF2(4, NRl; StdHOF2(5, HR); StdNOF2(6, NRI; StdNOF2(7, NRI; StdNOF2(8, NR); StdNOF2(9,
HP.); StdNOF2(lO, NR); StdllQF2(1l, HR); stdNOF2(12, HR)
PRINT 117,
PRINT #17, "NEV2 :1 Evaporation of Node 2: saguling"
PRINT #17,
PRINT 11.7 r" HYear Hay Jun .luI Aug Sep Oct Noy
Feb Mar April
PRINT 117,
FOR NYear - I TO NI'iear
PRINT #17, USING "1#1#.1'''; NYear; NEV2(l, NYear); NEV2(2, NYear); NEV2(3, N'iear);
HEV2(4, NYear); NEV2(5, NYear); NEV2(6, NYear), NEV2(7, NYear); NEV2(8, NYear); NEV2(9,
NYear); NEV2(IO, NYear); NEV2(Il, NYear); NEV2(12, NYear)
NEXT NYear
PRINT 11.7,
PRINT 117," NR May Jun .luI Aug Sep Oct Nov Dec Jan
Feb Mar Apr"
PRINT '~7, IOMillimulll of NEV2"
PRINT #17, USING """."'"; HR; MinNEV2(1); MinNEV2(2); MinNEV2(J); MinNEV2(4);
HinNEV2{S); MinNEV:l(6)i HinNEV2(7)i MinNEV2{8); MinNEV2(9); MinNEV2(10); MinNEV2(11);
MinNEY2 (12)
PRINT 117, "ANEV2 - Average of HEV2"
PRINT /17, USIHG ""11.11"; NR; ANEY2(l, NRI; ANEV2(2, HR); ANEV2(J, HRI; AHEV2(4,
HR); ANEV2(5, HR); ANEV2(6, HR); ANEV2(7, HRI; ANEV2(8, NRI; ANEV2{9, HR); ~EV2(10, HR);
AHEV2(1l, HR); AHEV2(12, HR)
PRINT 117, "Maximum or NEV2"
PRINT 117, USING "1111.##"; NR; MaxHEV2(1); HaxNEV2(2); MaxHEV2(J)i Ha)(HEV2(~);
HaxNEV2 (5); MaxNEV2 (6); MaxHEV2 (7); MaXHEV2 (81; HaxNEV2 (9); MaxNEV2 (10); HaxNEV2 (11);
MaxNEV2 (12)
PRINT 117, "StdHEV2 - Standard Dev. of HEV2"
PRINT 117, USING "1111.1/"; HR; StdNEV2(1, HR); StdNEV2(2, HRI; StdNEV2(J, HRI;
StdHEV2(4, HR); StdNEV2(5, HRI; StdlolEV2(6, NR); stdHEV2 (7 , NRI; StdHEY2(8, HRI; StdHEV2(9,
NR); StdHEV2(10, NR); StdNEV2(1l, NR); StdN£V2 (12, NRI
PRINT 117,
PRINT 117,
PRINT #17, "SPILL2 • Spill flow ot Node 2: saguling"
PRINT 117,
PRINT 117, " NYear May Jun Jul Aug Sep Oct HOV Dec Jan
Feb Mar Apr"
PRINT In,
FOR NYear = 1 TO NIYear
PRINT 117, USING "1111.#1"; NYear; Spi1l2(l, NYear); Spi112(2. NYear); Spi112(l,
"Year); Spi1l2(., NYear); spi112(5, "Year); Spil12(6, NYear); Spill2(7, NYearl; spill218,




PRINT #17," NR May Jun Jul Aug Sep OCt Nov Dec Jan
Feb Mar Apr"
PRINT /17, "Minillum c~ SPILL2"
PRINT #17, USING ";111.11"; NR; MinSPILL2(1); MinSPILL2(21; MinSPILL2(J);
MinSPILL2(4); MinSPILL2(5); MinSPILL2(6); P1inS?ILL2p); MinSPILL2(8); MinSPILL2(9);
MinSPILL2(lO); MinSPILL2(11); MinSPILL2(12)
PRINT 117, "ASPILL2 - Average ot SPILL2"
PRINT 111, USING 11/1//.11'1; NR; ASPILL2(1. NR); ASPILL2(2, HR); ASPILL2(J, NR);
Ar"ILL2(4, HR); ASPILL2(5, NR); ASPILL2(6, NR); ASPILL2(7, NRI; ASPILL2(8, NR); ASPILL2(9,
NR,; ASPILL2(10, NRI; ASPILL2 (11, NR); ASPILL2 (12, HR)
Ito"
PRINT 117, "Maximum of SPILL2 t1
PRINT 117, USING "IIII.II*'; RR; MaxSI'ILL2(1); MaxSPILL2 (2); MaxSPILL2 (Jl;
MaXSPILL2(S); MaxSPILL2(5); MaxSPILL2(6); MaxSPILL2(7); MaxSPILL2(8); MaxSPILL2(9);
MaxSPILL2 (10); MaxSPILL2 (11); HaxSPILL2 (121
PRINT 117, "StdSPILL2 - Standard Dev. of SPILL2"
PRINT 117, USING """.11"; NR; StdSPILL2 (1, NR); StdSPILL2 (2,
NR); StdSPILL2 (3, NR); StdSPILL2 (4, HRI; StdSPILL2 (5, NR); StdSPILL2 (6, NR); StdSPILL2 (7 ,
NR); StdSPILL2 (8, NR); StdSPILL2 (9, HRI; StdSPILL2 (10, NR);





PRINT 116, "Agung W.H. SOEHARNO"
PRINT 116, DATE$, TIME$, TIME$
PRINT/16,
..............................................................................................
PRINT 116, ... output of Saq-Ctr Program"
PRINT #16, ". Node 2 : SAG U LIN G"




PRINT #16, " sesUM - SUllUllary File of Hodel: saguling"
PRINT #16,
PRINT 116," NYear ~iay Jun Jul Aug Sep Oct Nov Dec Jan
Feb Mar Apr"
PRINT #16, "ANIF2 = Average of NIF2"
PRINT #16, USING "1111.##"; NR; ANIF2(1, HR); ANIF2(2, NR); ANIF2 (3 , HR); ANIF2(4,
NR); ~IF2(5, PR); ANIF2(6, NR); ANIF2(7, PR); ANIF2(8, HR); ANIF2(9, HR); ANIF2(IO, HR);
ARIF2(ll, HR); ANIF2(12, PR)
PRINT #16, "AHST2 = Average of NST~"
PRINT 116, USING -##11.##"; HR; ANST2(1, NR); ANST2(2, HRI; ANST2 (3 , HR); ANST2(4,
HR); ANST2(5, NR); ANST2(6, NR); ANST2(7, NR); ANST2(8, HR); ANST2(9, HR); ANST2(IO, HR);
ANST2(ll, PR); ANST1(12. Ha)
PRINT 116, "ANOF2 = Average of NOF2"
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PRINT 116, USING nllll.II"; NR; ANOF2(l, NR); ANOF2(2, HR); AHOF2(3, HR); AHOF2(4,
HR); mOF2(S, HR); ANOF2(6, NR); ANOF2(7, HR); MOF2(8, HRl; ANOF2(9, HR); ANOF2(lO, HR);
ANOF2(11, HR); ANOF2(12, HR)
PRINT 116, "ANEV2 = Average of NEV2"
PRINT 116, USING "1111.11"; HRi ANEV2(l, HR); ANEV2(2, NR); ANEV2(3, HR); AHEV2(4,
HR); ANEV2(S, HR); ANEV2(6, NR); ANEV2(7, NR); ANEV2(8, HR); ANEV2(9, HR); ANEV2(10, HR);
ANEV2(11, NR); ANEV2(12, HR)
PRINT 116, "ASPILL2 - Average of SPILL2"
PRINT 116, USING "1'11.11"; HR; ASPILL2(1, NR); ASPILL2(2, HR); ASPILL2(3, HRI;
ASPILL2(4, NR)j ASPILL2(S, NR)j ASPILL2(6, NR); ASPILL2 (7 , NRI; ASPILL2(8, NRl; ASPILL2(9,
NR) i ASPILL2(10, NRI; ASPILL2(11, NR); ASPILL2{12, HR)
ELSE
END IF
WRITE 138, ANIF2(1, HR), ANIF2(2, HR), ANIF2{3, NR}, AHIF2(4, NR}, ANIF2(5, NR},
ANIF2 (6, NR), ANIF2 (7, HR), )JHF2 (8, HR), AHIF2 (9, NR), ANIF2 (10, HR), AHIF2 (11, HR),
ANIF2 (12, NR)
WRITE 138, ANST2(1, HR), ANST2(2, HR}, ANST2 (3 , NR), ANST2(4, NR), ANS'1'2(5, HRI,
AN5T2(6, HRl, AN5'1'2(7, HR), ANST2(8, HRI, ANST2(9, HR), ANST2(10, NR}, ANST2(11, NR),
ANST2 (12, HRl
WRITE 138, ANOF2(l, HR), ANOF2(2, HR), ANOF2 (3 , NR), ANOF2(4, HR), ANOF2(5, NRl,
ANOF2(6, NRI, ANOF2(7, Ha), ANOF2(8, HR), ANOF2(9, NR), ANOF2(lO, HR), ANOF2(ll, HRl,
ANOF2 (12, HRl
WRITE 138, ANEV2(1, HRl, ANEV2(2, NR), ANEV2(3, NR), ANEV2(4, NR), ANEV2(5, NR),
ANtv2(6, NR), ANEV2(7, NR), ANEV2(B, NR), ANEV2(9, NR), ANEV2(lO, NR), ANEV2(1l, NR),
ANEV2 (12, NR)
WRITE #38, ASPILL2(l, NR), ASPILL2(2, NRl, AS.?ILL2(3, NRl, ASPILL2(4, HR),
ASPILL2(5, NR), ASPILL2(6, HR), ASPILL2(7, NR), ASPILL2(8, NR), ASPILL2(9, URI, ASPILL2(l0,
NR), ASPILL2(11, NR), ASPILL2(12, HR)
WRITE #38, StdNIF2(1, NR), StdNIF2{2, HR), StdNIF2(J, NRl, StdHIF2(4, NRI,
StdNIF2(5, HR), StdNIF2(6, NR), StdNIF2(7, NR), StdHIF2(8, NR), StdN!F2(9, NRI, StdNIF2(10,
NR), StdNIF2 (11, NR), StdNIF2 (12, NR)
WRITE #38, StdNST2(l, NR), StdHST2(2, NR), StdNST2{3, NR), StdNST2(4, HR),
StdNST2(5, NR), StdnST2(6, NR), StdNST2(7, HR), StdNST2(8, NR), StdHST2(9, NRI, StdNST2(lO,
NR), stdNST2 (11 , HR), StdNST2 (12, NR)
WRITE #38, StdNOF2(1, NR), StdNOF2(2, NR), StdNOF2(3, NR), StdNOF2(4, NR),
StdNOF2(5, NR), StdNOF2(6, HR), StdHOF2(1, HR), StdHOF2(8, HR), StdHOF2(9, HR), StdNOF2(lO,
NR), StdNOF2 (11, NR), StdNOF2 (12, HR)
WRITE #38, StdNEV2 (1, HR), StdNEV2 (2, NR), StdNEV2 (3, HR), StdHEV2 (4, HR),
StdNEV2(S, NR), StdNEV2(6, HR), stdNEV2 (7 , HR), StdNEV2(8, HR), StcJHEV2(9, HR), StdHEV2(lO,
NR), StdNEVZ (11, HR), StdNEVZ (12, NR)
WRITE 138, StdSPILL2(1, NR), StdSPILL2(2, HR), StdSPILL2(3, HRI, StdSPILL2(4, HR),
StdSPILL2 (5, NR), StdSPILL2 (6, NR), StdSPILL2 (1, HR), StdSPILL2 (8, NR), StdSPILL2 (9, HR),
StdSPILL2(10, NR), ScdSPILLZ (11, HR), StdSPILL2(12, HR)
RETURN
outstat.ca1c. test:
FOR NR 1 TO IReplicate
IF (NR 1) THEN
PRINT 117,
PRINT #17," NR May Jun .luI
Feb Mar Apr"
PRINT #17, "ANIF2 = Average of NIF2"
ELSE
END IF
Aug Sep Oct Hov Dec Jan
PRINT 117, USING "11".11"; HR; ANIF2(1, HRl; ANIF2(2, NR); ANIF2(3, HRl; ANIF2(4,
NR); ANIF2(5, NR); AHIF2(6, HR); ANIF2(7, HR); ANIF2(8, HR); ... JfIF2(9, HRI; ANIF2(10, Nfl);
ANIF2(1l, NR); ANIF2(lZ, HR)
NEXT NR
FOR HR 1 TO IRepl icate
IF (NR 1) THEN
PRINT #17,
PRINT #17," NR May Jun .luI
Feb Mar Apr"
PRINT #17, "ANST2 ... Average of NSTZ"
ELSE
END IF
Aug Sep Oct Nov Oec Jan
PRINT #17, USING ""#'.1#"; HR; ANST2(1, HR); ANST2(2, HRj; ANST2(J, Nil); ANST2(4,
HR); ANST2(S, NR}; ANST2(6, NR)i ANS'l'Z (1 , NR); ANST2(8, HR)i AHST2(9, HR); ANST2(lO, HR);
AHST2 (11, NR); ANST2 (12, HR)
NEXT Nft
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FOR fiR - 1 TO IRepl1cate
IF (KR - 1) THEN
PRINT 117,
PRINT 117," NR Hay Jun JuI
Feb Mar Apr"
PRIHT 117, "ANOF2 _ Average of HOF2"
AU9 Se. Oct Noy Dec Jen
ELSE
END IF
PRINT #17, USING "1111.""; NR; ANOF2(I, NR); ANOF2(2, NR); ANOF2(3, HR); ANOF2(4,
HR); MOF2(S, HR); ANOF2(6, HR); ANOF2(1, HR); ANOF2(8, HH); ANOF2(9, HR); ANOF2(lO, HR);
ANOF2(1l, HR); ANOF2(I2, NR)
NEXT HR
FOR HR - 1. TO IReplicate
IF (RR - 1) THEN
PRINT 117,
PRINT 117," NR Hay Jun Jul
Feb Mar Apr"
PRINT 117, "ANEV2 • Average of NEV2"




PRINT 117, USING "1111.##"; NR; ANEV2(1, NR); ANEV2(2, NR); ANEV2(J, !"R); AHEV2(4,
HA); ANEV2(5, Ha); AHZV2(6, HR); AHEV2(7, HR); ANEV2(8, NR); AHEV2(9, NR); AHEV2(lO, NRI;
ANEV2(ll, NR); ANEV2:12, NR)
HEXT NR
FOR NR • 1 TO IReplicate
IF (NR - 1) THEN
PRINT 117,
PRINT #1.7," NR Hay Jun Jul Aug
Feb Mar Apr"
PRINT 11.7, "ASPILL2 - Average of SPILL2"
ELSE
END IF
PRINT 117, USING "1111.11"; NH; ASPILL2(l, NR); ASPILL2(2, NR); ASPILL2(3, NR);
ASPILL2(4, HR); ASPILL2(5, HR); ASPILL2(6, HR); ASPILL2(7, HR); ASPILL2(8, HR); ASPILL2(9,









PRINT "5 tat i s tic s • T est"
PRINT 117, ---------------> S tat i s tic s . T est"
PRINT 117,
PRINT 117, - Hay
Apr"
PRINT 117,









FOR NR - 1 TO IReplicate
INPUT 139. ANIF2(l, NR), ANIF2(2, NR), ANIF2(3. NR). ANIF2(4, NR), ANIF2(S, HR),
ANIP'2(6. NR), AHIF2(7, NR), AHIF2(8, NRI, AHIF2(9, HRJ, ANI:F2(10, NR), AHIF2(1l. HR),
ANIF2(12. NR)
INPUT 139. ANST2(1. HR). ANST2(2, HRI. ANST2(3. HRI. AHST2(4, NRI. ANST2(~, HR),
ANST2(6. NR), AHST2(7. NR), AHST2(8, HR). ANST2(9, HR). ANST2(10. HR), ANST2(11, HR),
ANST2 (12, NR)
INPUT 139. AHOF2(l, HRI. AHOF2(2, NRI. ANOF2(3. HR), ANOFl(4, HR), ANOFl(5, HR),
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•.. _~,.-..,. ...._..._._..,.,_.~ ....--.~.........-.~~~
,---------- Average of NEV2
FOR Month - 1 TO 12
SANIF2 (Month) - 0
SStdNIF2 (Month) - 0
SANST2 (Honth) - 0
SStdNST2 (Month) - 0
SANOF2 (Month) • 0
SStdNOF2 (Month) - 0
SANEV2 (Konth) - 0
SStdNEV2 (Month) - 0
SASPILL2 (Month) - 0
SStdSPILL2 (Month) - 0
NEXT Month
FOR Month - 1. TO 1.2
FOR NR ... 1 TO IReplicllte
SANIF2 (Month) _ SANIF2 (Month) ... ANIF2 (Month, NRl
SStdrrIF2(Month) - SStdNIF2(Month) ... StdNIF2(Honth. HR)
SANST2 (Month) - SANST2 (Month) ... ANST2 (Month, NR)
SStdNST2 (Month) - SStaHST2 (Month) ... StdNST2 (Month, HR)
SANOF2 (Month) _ SANOP2 (Honth) ... ANOF2(Honth. HR)
SstdHOF2(Month) _ SStdHOF2(Month) ... StdHOf'2(Month, NR)
SANEV2 (Month) - SANEV2 (Honth) ... ANEV2 (Month, NR)
SStdHEV2(Month) - SStdNEV2(Month) StdNEV2(Honth. NR)
SASPILL2 (Honth) - SASPIlJ.,2 (Month) ASPIlJ.,2 (Month, NR)
SStdSPILL2(Month) _ SStdSPILL2(Monthl ... StdSPILL2(Month, NR)
NEXT NR
NEXT Month
FOR Month oa 1. TO 1.2
AANIF2 (Month) - SANIF2 (Month) I IReplicate
AStdNIF2 (Month) - SStdNIF2 (Month) I IReplicate
AAN'ST2 (Month) - SAHST2 (Month) I IReplicate
Ar.':dNST2(Month) - SStdNST2(Month) I IReplicate
AAHOt'2 (Month) • SANOF2 (Month) I IReplicate
AStdNOF2(Honth) - SStdHOF2(Monthl I IReplicate
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ANOF2(6, HRl, ANOF2(7, NRI, ,,"OF2(8, HR), ANOF2(9, HR), ANOF2(10, NRI, ANOF2(ll, HR),
ANOF2(12, NR)
INPUT #39, ANEV2(l, HR), ANEV2(2, HR), AN£V2(J, HRI, ANEV2(4, HR), ANEV2(5, NR),
ANEV2(6, NR), ANEV2(7, HR), ANEV2(8, HRl, ANEV2(9, HRI, ANEV2(lO, NR), ANEV2(11, HRI,
ANEV2 (12, NR)
IHPUT 135, ASPILL2(l, HR), ASPILL2(2, HR), ASPILL2(J, HRj, ASPILL2(4, HR),
ASPILL2(5, NR), ASPILL2(6, HR), ASPILL2(7, NR), ASPILL2(8, HR), ASPILL2(9, HR), ASPILL2(lO,
HR), ASPILL2(1l. NR), ASPILL2(12, HR)
INPUT 139, StdNIF2 (1, HRj, StdNIF2 (2, HRj, StdHIF2 (J, HR), StdNIF2 (4, HRI,
StdNIF2(5, NR), StdNIF2{6, HR), StdHIF2(7, HR), StdHIF2(8, NR), St~HIF2(9, HgI, StdNIF2(lO,
HRI, StdNIF2(1l, NRI, StdNIF2(12, HR)
INPUT #39, StdHST2(1, NR), StdHST2(2, NR), StdHST2 (3 , HRj, StdHST2(4, HRl.
StdNST2(5, NR), StdNST2(6, NR), StdHST2(7, HR), StdNST2(8, HRj, StdNST2(9. NRj, StdHST2(lO,
HRI. StdNST2(1l, HRI, StdNST2(12, NR)
IHPUT #39, StdNOFZ(l, HRj, StdNOF2(2, NR), StdNOF2(J. HR). StdNOF2(4, HRI.
StdNOF2(5, HR). StdNOF2(6. HR). StdNOF2(7. HR), StdHOF2(8. HR). StdHOF2(9, HRI. StdHOF2(lO,
NR). StdMOF2(1l, NR), StdHOF2(12, NR)
INPUT #39, StdHEVZ (1, HRI, StdN£V2 (2, HR), StdNEV2 (3, HR). StdHEV2 (4. NRI,
StdNEV2(5, NR), StdNEV2(6, HR), StdHEV2(7. HR). StdNEV2(8, HR), StdHEV2(9. HRl. StdNEV2(lO,
NR), StdNEV2(ll, NR). StdN£V2(12, HR)
IHPUT 139. StdSPILL2 (1, UR), StdS?ILL2(2, NR), StdSPILL2 (3, NR). StdSPILL2 (4, HRI,
StdSPILL2 (5, NR), StdSPILL2 (6, NR), StdSPILL2 (7, HR), StdSPILL2(8. HR). StdSPILL2 (9, HR).
StdSPILL2(lO, NR), StdSPILL2(11, llR). StdSPILL2(12. HR)
NEXT HR
RETURN
, ------------------------------ AvgAvg. Calc
AvgAvg.calc:
DIK SAHIF2(12) , SStdNIF2(12), MNIF2(12), AStdNIF2(12)
DIM SAHST2(12), SStdHST2 (12), MNST2 (12), AStdNST2(12)
DIM SAHOF2 (12), SStdHOF2(12), AANOF2 (12), AStdNOF2(12)
01" SAHEV2 (12), SStdNEV2 (12), MNEV2 (12), AStdHEV2 (12)
DIM SASPILL2(12), SStdSPlLL2 (12), AASPILL2 (12), AStdSPILL2 (12)
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AANEV2(Honth) ,. SANEV2(Honth) I IReplicate
AStdNEV2 (Month) = sstdN'EV2 (Month) I IRep!icate
AASPILL2 (Month) "" SASPILL2 (Month) I IReplicate
AStdSPILL2 (Month) '" sstdSPILL2 (Month) I lReplicate
NEXT Month
RETUllN
, ------------------------------sulllation of Sumation
SU.lllSum.Calc:
DIM SDANIF2S(12). SDStdHIF2S(14:}, DANIF2S(12), DStdNIF2S(12)
DIM SDANSTZ'S(12), SDStdNST2S(12), DANST2S(12), DStdNsT2S(12)
DIM SOANOF2S(12). SDStdNOF2S(12), OANOF2S(12), OStdNOF2S(12)
DIM SOANEV2S(12). SDStdNEV2S(12), DANEV2S(12), DStdNEV2S(l2)
DIM SDASPILL2S(12), SDStdSPILL2S(12), DASPILL2S(12) , DStdSPILL2S(12)
FOR Month = 1 TO 12
SDANIF2S (Month) = 0
SDStdNIF2S (Month) ., 0
SDANST2S (Month) - 0
SDStdNST2S (Month) ,. 0
SDANOF2S (Month) "" 0
SDStdNOF2S (Month) = 0
SDANEV2S (Month) - 0
SDStdNEV2S (Month) = 0
SDASPILL2S (Month) = 0
SDStdSPILL2S (Month) - 0
NEXT Month
FOR Month "" 1 TO 12
FOR NR '"' 1 TO IReplicate
DANIF2S(Month) _ (ANIF2(t'ionth, NR) _ AANIF2(Honth)) A 2
SDANIF2S(Month) '" SOANIF2S(Honth) + DAHIF2S(Honth)
DStdNIF2S (Month) - (StdNIF2 (Month, HR) - AStdNIF2 (Month) )
SDStdNIF2S(Honth) .. SDStdNIF2S(Honth) + OStdNIF2S(Monthl
DANST2S(Month) ,. (ANST2 (Month, NRl _ AANST2 (Month» A 2
SDANST2S (Month) '" SDANST2S (Month) + DANST2S (Month)
n~
DStdNST2S(Month) .. (StdNS'r2 (Month, NR) - AStdNST2 (Month) I .. 2
SDstdNST2S(Month) - SDStdNST2S(Month) + DStdNST2S(Month)
DAHOF2S(Month) - (AHOF2(Month, NR) - AANO'2(Month» .. 2
SDANOF2S(Month) - SDANOF2S(Month) + DANOF2S(Month)
DStdNOF2S(IIfonth) - (StdNOF2(Month, NR) - AstdNO'2(Month» .. 2
SDStdNOF2S(Month) - SDStdNOF2S(Month) + DSt1NOF2S(Honth)
DANEV2S(Month) - (ANEV2(Month, NR) - AANEV2(Month») .. 2
SDANEV2S(Month) - SDANEV2S(Month) + DANEV2S(Month)
DStdNEV2S(Konth) - (StdNEV2 (Honth, NR) - AStdNEV2 (Month») .. 2
SDStdNEV2S(Month) - SDStdNEV2S(Month) + DStdNEV2S(Honth)
DASPILL2S(Month) - (ASPILL2 (Month, HR) - MSPILL2 (Honth» .. 2
SDASPILL2S(Month) - SOASPILL2S(Month) + DASPILL2S(Konth)
DStdSPILL2S(Month) - IStdSPILL2 (Month, HRI - AStdSPILL2 (Honth) I .. 2





DIM VANIF2 (12). stdANIF2 (12), VStdHIF2 (12), StdStdHIF2112)
DIM VAHST2 (12), StdANST2 (12), VStdNST2 (12), stdstdNST2 (12)
DIM VANOF2(12). stdANOF2(12), VStdNOF2(12) , StdStdNOF2(1.2)
DIM VAHEV2(12) , StdAHEV2(12), VStdNEV2(12), StdStdNEV2(12)
DIM VASPILL2(12) , StdASPILL2(12), vstdSPILL2(12), stdStdSPILL2(12)
FOR Month - 1 TO 12
VANIF2(Honth) - SDANIF2S(Honthl I (IReplicate - 1)
StdANIF2(Honth) - (VAHIF2(Month» ... 5
VStdNIF2(Month) - SDStdNIF2S(Month) I (IReplicate - 1)
StdStdNIF2 (Month) - (VStdNIF2 (Month») .. • S
VANST2 (Month) - SDANST2S(Month) I (IReplicate - 1)
StdANST2 (Month) - (VANST2 (Month» .. .5
l'/b
VStdNST2(Month) = SDStdNST2S(Monthl / (IReplicate - 1)
StdStdNST2 (Month) .. (VStdNST2 (Honth» A .5
V.l.NOF2 (Month) .. SDANOF2S(Month) / (IReplicate - 1)
StdANOF'2 (Monttt) .. (VANOF2 (Month» A .5
VStdNOF2(Month) = SDStdNOF2S(Monthl / (IReplicate - 1)
StdStdNOF2 (Month) "" (VStdNOF2 (Month)) A .5
VANEV2(Month) '" SDANEV2S(Honth) / (IReplicate - 1)
StdANEV2 (Honth) "" (VANEV2 (Month)) A .5
VStdNEV2(Month) = SDStdNEV2S(Konth) I (IReplicate - 1)
StdStdNEV2 (Month) _ (VStdNEV2 (Month» A .5
VASPILL2(Month) so SDASPILL2S(Month) I (IReplicate - I)
StdASPILL2(Month) = (VASPILL2(Month») A .5
VStdSPILL2(Honth) = SDStdSPILL2S(Month) / (IReplicate - 1)





PRINT #17, "AANIF2 - "
PRINT #17, USING "'#1#.11"; AANIF2(1}; AiUHF2(2); AANIF2(J); AANIF2(4); AAIHF2(S);
AANIF2(6); AANIF2(7); AANIF2(8); AANIF2(9); AANIF2(lO); AANIF2(1l); AANIF2(12)
PRINT #17, "AStdNIF2 ="
PRINT 117, USING "1111.#'''; AStdNIF2(1); AStdNIF2(2); AStdNIF2(3); AStdNIF2(4);
AStdNIF2 (5); AStdNIF2(6); AStdNIF2 (7) j AStdNIF2 (8); AStdNIF2 (9); AStdNIF2( 10) i AStdNIf2 (11);
AStdNIF2(12)
PRINT #17. "AANST2 ,. ..
PRINT #17, USING "111#.""; AANST2(1)i AANST2(2)i AANST2(J)i AANST2(4); MNST2(5);
AANST2(6); AANST2(7); AANST2(8)j AANST2(9); AANST2{lO); AANST2(1l); AANST2(12)
PRINT #17. "AStdNST2 -"
PRINT 117, USING "1111.11"; AStdNST2(1); AStdNST2(2); AStdNST2P)i AStdNS'r2(4);
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AStdNST2 (5); AStdNST2 (6); AStdNST2 (7); AStdNST2 (8); AStdNST2 (9); AStdNST2(lO) ; AStdNST2 (11) ;
AStdNST2(H)
PRINT #17, .. AANOF2 - ..
PRINT 117, USING "1111.11"; AANOF2(1}; AANOF2(2); AANOF2(J); AANOF2(4); AANOF2(5);
A,ANOF2 (6); AANOF2 (7); AANOF2 (8); AANOF2 (9); AANOF2 (10); AANOF2 (11); AANOF2 (12)
PRINT 117, IIAStdHOF2 ","
PRINT #17, USING "1111.""; AStdNOF2(l); AStdNOF2(2); AStdNOF2(J); AStdNOF2(4);
AStdNOF2 (5) ; AStdNOF2 (6); AStdNOF2 (7); AStdNOF2 (8) ; AStdNOF2 (9); AStdNOF2(10) ; AStdNOF2 (11) ;
AStdNOF2(12)
PRINT #17, llAANEV2 ....
PRINT #n, USING "####.1#"; AANEV2(1.); AANEV2(2); AANEV2(J); AANEV2(4); AANEV2(5);
AANEV2(6); AANEV2(7); AANEV2(8); AANEV2(9); AANEV2(10); AANEV2(1l); AANEV2(12)
PRINT #17, "AStdNEV2 ="
PRINT #17, USING """.""; AStdNEV2(l); AStdN£V2(2); AStdNEV2P); AStdNEV2(4};
AstdNEV2 (5); AStdNEV2 (6); AStdNEV2 (7); AStdNEV2 (8); AStdNEV2 (9) ; AStdNEV2 (10); AstdNEV2( 11);
AStdNEV2 (12)
PRINT /17, "AASPILL2 - "
PRINT In, USING "1/##.1#"; AASPILL2(1); AASPILL2(2); AASPILL2P); AASPILL2(4):
AASPILL2 (5); AASPILL2 (6); AASPILL2 (7); AASPILL2 (8); AASPILL2(9); AASPILL2 (10) ; AASPILL2 (11);
AASPILL2(12)
PRINT #17, "AStdSPILL2 ="
PRINT /17, USING "#111.1#"; AStdSPILL2(1); AStdSPILL2(2); AStdSPILL2(J); AStdSPILL2(4)i
AStdSPILL2 (5); AStdSPILL2 (6); AStdSPILL2 (7); AStdSPILL2 (8); AStdSPILL2 (9) i AStdSPILL2 (10) ;
AStdSPILL2 (11); AStdSPILL2 (12)
PRINT 117, "StdANIF2 = "
PRINT In, USING "#1##.11"; StdANIF2(1); StdANIF2(2); StdANIF2(J}; StdANIF2(4);
StdANIF2(5); StdANIF2(6); StdANIF2(7); StdANIF2(8); StdANIF2(9); StdANIF2(lOl; StdANIF2(1l);
stdANIF2 (12)
PRINT #17, "stdStdNIF2 = "
PRINT 117, USING "#11#.1#"; StdStdNIF2 (1); StdStdNIF2 (2); StdStdNIF2 (3) ; stdStdNIF2 (4);
StdstdHIF2 (5); StdStdt!IF2 (6); StdStdNIF2 (7); StdStdNIF2 (8); StdStdNIF2 (9); StdstdNIF2 (10) i
StdStdNIF2(11); StdStdNIF2(12)
PRINT 117, "StdANST2 ... "
PRINT 117, USING "1111.11"; StdANST2(1); StdANST2(2); StdANST2(J); StdANST2(4);
StdANST2 (51; StdANST2 (6); StdANST2 (7) ; StdANST2 (8); StdANST2 (9); StdANST2 (10); StdANST2 (11);
StdANST2 ( 12)
PRINT 117, "StdStdNST2 - "
PRINT 111, USING "1111.11"; StdStdNST2 (1); StdStdNST2 (2); StdStdNST2 (3); StdStdNST2 (4);
StdStdNST2(5) i StdStdNST2(6); StdStdNST2(7); StdStdNST2(8) i StdStdNST2(9); StdStdNST2(10);
StdStdNST2 (11); StdStdNST2 (12)
PRINT /17, "StdANOF2 = "
PRINT #17, USING "#11#.##"; StdAHOF2(1); StdANOF2(2)i StdANOF2(3); StdANOF2(4);
StdANOF2 (5); StdANOF2(6); StdANOF2 (7) i StdANOF2 (8) ; StdANOF2 (9); StdANOF2 (10); StdAHOF2 (11);
StdANOF2 (12)
PRINT #17, "StdStdNOF2 "" ..
PRINT 117, USING "1##1.1'''; StdStdNOF2 (1); StdStdNOF2 (2); StdStdNOF2 (3); StdStdNOF2 (4);
StdStdNOF2 (5); StdStdNOF2 (6); StdStdNOF2 (7); StdStdNOF2 (8); StdStdNOF2(9); StdStdNOF2( 10);
StdStdNOF2(1l); StdStdNOF2(12)
PRINT 117, "StdANEV2 :II "
PRINT #17, USING "'#1#.##"; StdANEV2(1); StdANEV2(2)i StdANEV2(J); StdANEV2(4);
StclANEV2 (5); StdANEV2 (6); StdANEV2 (7) i StdANEV2 (8) ; StdANEV2 (9); StdANEV2 (10); StdANEV2( 11);
StdAHEV2 (12)
PRINT 117, "StdStdNEV2 ... It
PRINT #17, USING "1111.""; StdStdNEV2 (1); StdStdNEV2 (2); StdStdNEV2 (3); StdStdNEV2 (41;
StdStdNEV2 (5) i StdStdNEV2 (6) i StdStdNEV2 (7); StdStdNEV2 (8); StdStdNEV2 (9); StdStdNEV2(10);
StdStdNEV2 (11); StdStdNEV2 (12)
PRINT 117, "StdASPILL2 ... "
PRINT #17, USING "11##."" i StdASPILL2 (l) i StdASPLLL2(2) i StdASPILL2 (3) i StdASPLLL2 (4) i
StdASPILL2(5)i StdASPILL2(6); StdASPILL2(7); stdASPILL2(8); StdASPILL2(9); StdASPILL2(10);
StdASPILL2(11); StdASPILL2(12)
PRINT 117, "StdStdSPILL2 • "
PRINT #17. USING "1111.11"; StdStdSPILL2 (1) i StdStdSPILL2 (2); StdStdSPILL2 (3);
StdStdSPILL2 (4) ; StdStdSPILL2 (5) ; StdStdSPILL2 (6) i StdStdSPILL2 (7) ; StdStdSPILL2 (8) ;




PRINT #16, "Agung W.H. SOEHARNO"
PRINT 116, DATE$, TIME$
.....**•••**••**•••***•••••*•••**•••••******••*•••:*•••!.....~*•••~••*.*~•••*~•••• ;*••••6••••• ~
PRINT 116, "* Output of ASag-Ctr Program"
PRINT #16, ". Node 2 : 5 A G U LIN G"
PRINT #16, "*"
PRINT 116, "-----------------------> Statistics.Test "
PRINT#16,
.. ***** ••****."'*********••••**** ••***••******••**"'•••**.***•••**.*.•• ***.*•••*.******•• *••*••"
PRINT 116,
PRINT 116, " May
Har Apr"
PRINT 116,
Jun Jul Aug Sep Oct Nov Dec Jan Feb
PRINT 116, "AANIF2 _ "
PRINT 116, USING "1111.11"; AANIF2(l); AANIF2(2); AANIF2(J); AANIF2(4); AANIF2(5);
AANIF2(6); AANIF2(7); AANIF2(8); AANIF2(9); AANIF2(l.O); AANIF2(1l); AANIF2(12)
PRINT 116, "AANST2 - "
PRINT 116, USING "1111.11"; AANST2(1); AANST2(2); AANST2(3); AANST2(4); AANST2(5);
AANST2(6); AANST2(7); AANST2(8)i AANST2(9); AANST2(l.O)~ AANST2(1l)i AArlST2(12)
PRINT 116, "AANOF2 - "
PRINT #16, USING "1111.11"; AANOF2(1); AANOF2(2); AANOF2(J); AANOF2(4) i AANOF2(S} i
AANOF2(6); AANOF2(7); AANOF2(8)i AANOF2(9)i AANOF2(lOl; AANOF2(11); AANOF2(12)
PRINT 116, "AANEV2 = "
PRINT #16, USING "1111.11"; AANEV2(1); AANEV2(2); AANEV2(J); AANEV2(4); AAHEV2(5) i
AANEV2(6); AANEV2(7); AANEV2(8); AANEV2(9)i AANEV2(lO)i AANEV2(11); AANEV2(12)
PRINT 116, "AASPILL2 a "
PRINT 116, USING "1111.11"; AASPILL2(1); AASPILL2(2)i AASPILL2(J); AASPILL2(4}i























,****** * ******* _** *it *** ******** *** it 11 ***** ** ***** ****it **it it *** *** ** *****t t *
, t ••••u...u....*••••u.~::~;~~~~~~*~~.~:;~:~~::•••••• it •••Ut••• it. it ••••• 11 it.
'KIFl - inflows to Node l: the Nanjung Gauge Site
'NIFJ - inflows to Node 3: the cirata Reservoir
, NSTJ - reservoir storage Node J
'KOFJ - turbine flows from Node)
, NEV3 - evaporations Node 3
'LEG) - energy produced by hydropower Node ): the Cirata Hydropower Plant
'ASurJ - reservoir surface area Node )
'Head) - heads of hydropower Node)
, AVl,;HeadJ - average of heads of the beginning and the end of month Node 3
'Spill3 - spill flows Node )
'RC) - rule curve or reservoir storage targets Node)
'MinQTb) - minimum flow of turbine Node)
'CapPlantJ- installed capacity of hydropower Node J
'DNST) - dead storage of Node 3
'CoefaJ, CoetbJ - constants for calculating reservoir surface area Node)
'Coefc), CoefdJ, Coefe) - constants for calculating hydropower plant head Node)
'LMtpFlow) - flow coefficient Node 3
'CoefPlant3 - plant efficiency Node 3
'NR - nurtber of replications
'NYear - number of year
'Month - number of month
, Avg - average
'Min - minimum
'Max - maxi um






PRINT "cir-ctr Proqrall. ...
cosus Initialization.ClrCtr




PRINT "The Proqra.. of cir-Ctr is Finish. It



















COSUS Statistics. Test. ACirCtr
100 LOCATE 17, 10
PRINT "The Sub-Program of Acir-Crt is finish."
LOCATE 21, 10




I ••••"" ". " ••••• " •••••••••••••••••••••••• " ... ".""" ,,* ....
Initialization. cirCtr:
, $DYNAMIC
DIM TNST(60), TNSTml(60), TNIF(60). TNEV(60), TSpill (60). TNOF(60), CheckTDNST(60)
DIM TNOF2(12, 60), TNOF3(12. 60}, QRcir AS STRING, CRcir AS STRING, NH"l(I), 60)
DIM HIF3(lJ, 60)' NSTJ (1.3 , 61), NOFJ(12. 60), NEV3(12, 60). LEG3(12, 60J, ASur3(lJ)
DIM Head3(13), AvgHeadJ(13), SpilIJ(12, 60), CoefEVap3(13), QRJ1(13), RCJ1(lJ)
OPEN "c:\data\NRepl.dat" FOR INPUT AS 11 'NullIber of Replication, year and month
OPEN "c: \data\TierGQM.dat" FOR INPUT AS 12 'Gen. monthly flows
OPEN "c:\Cir\EvapCir.dat" FOR INPUT AS 13 'Coef. evaporation for the Cirata Res.
OPEN "c:\Cir\RCCir.dat" FOR INPUT AS 112 'Rule curve [or the Cirata Res.
OPEN "c:\Cir\Crstat.out" FOR OUTPUT AS 111 'Output of Stat.calc
OPEN "c:\sum\Crsum.out" FOR OUTPUT AS 116 'SU~P1ary output of Cirata simulation
OPEN "c:\sulll\noteCir.out" FOR OUTPUT AS 14 'Note of simulation
OPEN lie: \Cir\Cirlnp2 .Out" FOR OUTPUT AS 16 I input-output file
OPEN "c:\Cir\CirJat.Out" FOR OUTPUT AS 110 'input for Jatiluhur simulation
OPEN "C:\Cir\Crlnput3.dat" FOR OUTPUT AS 138 'input-output file
OPEN "c:\saq\Saqcir.out" FOR INPUT AS 150 'OLltput from Saguling simulation
....,. -."-" ...._.~.~---=-

















PRINT 14. DATE$, TIME$
PRINT #4,
PRINT #4,
PRINT 14, ** C I RAT A •• ***.**••••• **** ..
PRINT #4.
PRINT 14, "-_• .- ••• Print Out Test of Cir-Ctr Program for NYear • "; NTest
PRINT 14,
INPUT 11, Month, "Year. NReplicat:e




c$ .. ""'.11 Ill." 111.11 11#.11 #11.11 111.11 111.11 111.11 111.11 111.11
It/.II 111.11"
INPUT 13. CoefEVap3 (1). CoefEVap3 (2). Coet'EV..pl (3). Coefl::VapJ (4), Coet t:V<ipl l~}.
CoefEVapJ(6), CoefEVapJ(7), CoefEVapJ(8) , Coet'EVap3(91, CoetEVapJ(10) , Coetl:::V"'p.J(ll},
CoefEVap3 (12)
PRINT 14, " CE(ll CE(2) CE(J) CE(4) CE{~) CE(6) CE(7) (;1::(8) CEre}) Cl::llll)
CE(ll) CE(12)"
PRINT 14, USING c$; coefEVapJ(I)i CoefEVdpJ(2); CoefEVap3(J); Coer~Vi\p:J(~I;
CoefEVapJ(S}i CoefEVap3(6); CoefEVap3(7)i CoefEVapJ(8)i CoefEVapJ(9); CoetI::Vdp3(lU);
CoefEVap3 (11); CoefEVapJ (12)
PRINT 14,
INPUT 112, RCCir$
INPUT 112, RC3l(l), RC31(Z), RC31(J). RC31(4). RCH(!>), RCJl(I.), I{CJ1(7).
RCJI(8), RC31(9}, RC31(lO), RC31(ll), RCJ1(lZ)
PRINT 14,
PRINT /4, RCCir$
'PRINT 14, "RC(l) =. RC(lJ) ::. NSTMax"
PRINT 14, "RcJit RC31Z RC)i3 RC3i4 Rc3.i!> RC)i6 RCJi7 RCJi8 RCJi9 RC3ilO
RCJill RCJi12"
PRINT 14, USING c$; RCJ1{l); RC31(2)i RCH(Jli RC31(4li RCJl(5); RCJ1(6);
RCJl(7) i RC3I(8); RC3I(9) i RC3I(IO) i RC3I(U); RCJ1(l2)
PRINT 14,
PRINT 14, "Test of Reading Data of NIFt for NYear '"' 1"
PRINT 14, .. NR NY NIFl(I) NIFl(2) NIFIP) NIFl(4) NH'I(!» NfFl(6) NIflP)
NIFI(S) NIFI(9) NIFleIO) NtU(ll) NIU(12)"
a$ • ""11 III/ 11/1.1/ 1/11.11 1111.11 1111.11 1111./1 1111.11 1111.11 1111.11
1111.11 11111.11 11111.11 11111.11"
RETURN
, **••••••_••••••••**•••• **. *** *. **••****. ******* **** ** ** *•• *. *. *•• * '" '" '" * '"
Simulation
, **** **************.** ** *** *** ************ ****** **** *** **" *" "*""""" "''''' *"
simulation .cirCtr:
OPEN "c:\Cir\CirInp1.out" FOR OUTPUT AS IS 'input-output file
FOR NYear = I TO MYear
TNST(N'{ear) • 0
TNST(NYear) ~ 0





FOR Month = 1 TO 12
INPUT #2, NR, NYear, Nlf'l(Month, NYear)
IF NIFl (Month, NYear) < 0 1'HEN
NIFl(Honth, NYear) = 0
ELSE
END IF
INPUT 150, TNOF2(Month, NYear)
NIFJ(Honth, NYear) ~ LMtpFloW3 * NIFl(Honth, NYear) + TNOF2(Honth, NYear)
NEXT Mom:h
IF (NR = NRTest) AND (NYear = NTest) THEN
PRINT 14, USING as; NR; NYear; NIF1(1, NYear); NIF1{2, NVear); .. iFl(J, NVear);
NIF1(4, NYear); NIF1(S, NYear); NIF1(6, NYear); NIFl{7, NYear); NIF1(a, NV~<lr); NIFl(,),




IF (NR -- NRTest)
PRINT 14,
PRINT 14, '=NIFJ(Honth, NYear) =- LHtpFloW3 * NIF1{Honth, NYear) + 'l'NOf2(Honth, NYear)"
PRINT 14, "LMtpFlow3 -- "; LMtpFlow3
PRINT 14, .. HR NY TNOF(l) THOF{2) THOFP) TNOF(4) TNOF(5) TNOF(6) TIIOF("J) 'I'NOF(U)





PRINT "Cir-Ctr, ---> NR ."; NR
NSTJ(l, 1) .. NSTJMax
RCJl(lJ) .. RCH(I)
FOR NYGar .. 1 TO M:tear
LOCATE S, 10
PRINT "Cir-Ctr, ---> NYear -"; NYear
I\vqllO<ldJHeadJSpi 11JNEVJNOFJ
IF (NR .. NRTest) AND (N'tear .. NTest) THEN
PRINT 14, USING liS; Nft; N'tear; TNOF2 (1, N'tear); TNOF2 (2, N'tear); THOf'2 (J, NYear);
TNOF2(4, NYear); TNOF2(5, NYear); TNOF2(6, NYear); TNOF2{7, NYear); Ttl0f0'2(8, NYearl; 'I'HOt'2('>,
N'tear); TNOF2(lO, N'tear); TNOF2(ll, N'tear); TNOFo:(12, N'tear)
PRINT 14.
PRINT 14, "Test output ot Clr-Ctr progralQ tor N'tear .. "i NTest
PRINT 14,
PRINT #4, "NR N't Hth NIFJ NSTJ
LEGJ "




FOR Month" 1 TO 12
ASurJ(Honthl .. CoeraJ 111: (NSTJ(Honth, NYear) + DNSTJ) ~ CoefbJ
ASur3{Month + 11 - CoetaJ .. (RCH(Honth + 11 + DNSTJ) ~ Coerbl
NEVJ(Month, NYear) .. CeofEVllpJ(Honth) 111: (ASur3(Month) .. ASur3(Month I \) I" !)
NOFJ(Month, NYear) - NST3(Honth, NYearl - RC31(Month + 1) .. Nlf3(Month, N'teur)
- NEV) (Month, NYear)
IF (NOn (Month, N'lee"':) < 0) THEN
NST3(Honth + 1, NYear) .. RC31(Honth I 1) .. HOn/Month, NYear)
N0FJ (~onth, NYear) .. 0





IF {NOfJ (Honth, NYear) - 0) Til EN
NSTJ(Month + I, NYear) "'" RC31 (Month + 1) + NOF3(Honth, NYear)
NOF3(Month, NYear) = 0




IF (0 < NOF3(Honth, NYear) ANO NO~'3{Month, NYear) '" MinQ'l'bJj THEN
NST3(Month + 1, N'lear) '" RCJl(Honth + I) + NOfl(Honth, NYear)
NOF3 (Honth, NYea[") - 0
IF NST3 (Month + I, NYear) ;. NST3Hax 'fH!:::N
spil13(Honth, NYear) = NST3(Honth + 1, NYear) - NSTJMdX







Head3(Honth) - CoefcJ * (NST3(Honth, N'lear) + DNST3) ~ Coetd3 .. Code"'
HeadJ(Month + 1) • Coete3 * (RC31(Honth + 1) + DNST3) - CoetdJ 1" CoeteJ
AvgHead3· (Head3(Honth) + Head3(Honth + 1) * .5
',JTb3 - (CapPlant3) I (CoefPlant3 .. 9.81 .. AvgHead31
IF (NSTJ(Honth, NYear) > NST3Hax OR HSTJ(Month, NVear) .. OJ THf:U
HaxQTbJ - 1453.483
ELSE
HaXQTbJ - QTb3 * 2. 628
END IF
If' (NOFJ(Month, NYear) > MaxQTbJ) THEN
DNOFMax == NOn (Month, NYear) - MaxQTb3




NSTJ(Month + I, HYear) '" RCJl(Month + 1) + DNOFHax
IF NSTJ(Month + I, N'iear) > NSTJMax THEN
SpUlJ (Month, N'iear) '" MSTJ (Month + I, NYear) - NS1'J~ldx
NSTJ (Month + I, NYear) '" NSTJHax
ELSE
SpillJ (Month, NYear) :0 0
END IF
Head3(Honth) = CoefcJ * (NSTJ(Month, N'a'ear) + DUSTJ) A Coel'd) + Coel'eJ
Head3(Month + 1) = CoefcJ * (NST3(Month + I, NYear) + DNSTJ) A Coel'dJ + CoeteJ
IF NSTJ(Honth + I, NYear) - 0 THEN
HeadJ (Month + 1) ::. HeadJMin
ELSE
END IF
IF (NST3 (Month + I, NYear) >= NSTJHax) THEN
HeadJ (Month + 1) '" HeadJMax
ELSE
END IF
IF NST) (Month, NYear) = 0 THEN
HeadJ (Month) = HeadJHin
ELSE
END IF
IF (NSTJ (Month, NYear) >=- NSTJHax)
HeadJ (Month) = HeadJMax
ELSE
END IF
AvgHeauJ - ltlc,'t.lJ(Munth) .. lleauJ(MQIlt..h +- 1») ~ .~
101 LEGJ(Honth, NY~<lr) _ (2.725 I 10uU) ~ Cuutl'l<1nt..J il Avqllc... 11 .. tlOr-I(MulLth, II';,·",')
'I'NOI") (Month, Ny..,,,,t·/ =-' NOF) (Month, NV'Mr) I ~;"i II J (Munth, NV"<le)
TN1"'(NY~ar) - 'I'NII-"{IH'Cd'·) I NIl-'J(Mulll-h, fIY...,,,'-)
'rNt,;V(NVet1t') - 'l'Nt:V(W;..,dl') t NEVJ(Molltt" tn.,..,r)
'rSplll{NYear) = '1'~;plll{NYcdr) I SI)jlIJ(Munth, tlYo;:.n·)
TNOF(N'iear) ... 'l'NOl-'(NYede) -t NUt'J(Monlh, NYcdr)
WRI'l'E 15, Nll-') (Month, N'ieae). NS'l') (Montll, NYuar), NOfJ(Mvllt..h, NYu",'-), fll':V I (M" .. tll,
NYedr), spillJ (Month, NYear)
WRITE: 16, LEGJ(Month, NYear)
WRITE 110, 'l'NOFJ (Month, Nyear)
IF (NYeae .. NTest AND NR "" NR·l'",..t) 'l'lI1:.N
PRINT 14, USING b$; NR; NY~ar; Month; NH·j(Mont..h, NYu"r,; U:.: l(Munt/'. 11'1''''0''/;




IF (NYear =- NTest + :.) AND (NR =- NRTest) THEN
IF (N'lear - NTest -+ 1) AND (NR - NRTest) ANO (Month"" N'I'cst) 'I"HI::Il
PRINT 14, ,,--------------------------------------------------- ---- - -----"
ELSE
END IF
PRI~T 14, USI~G b$; ~R; NYear; Month; N1F)(Mollth, !l'; ..."r;; 1l~;'I'lfM""tlt, 11""'''1;





CheckTDNST(NYe<'l.r) ... rlSTJ(l, NY.,,,,') - fIS'I'J!!' 11".... " I t !I.11 \;",." I - ·110 .. 11.... -·'"
TSpill(NYear) - TNOF(NYear)
NST3(l, NYear + 1) = NSTJ(lJ, NYear)
IF (NYear .. NTest AND NR - NRTest) THEN
PRINT 14, "NR NY Month NSTJ(l) NSTJ(lJ) TNIF TNOF TNt;V 'rSpi II
CheckTDNST"
PRINT 14, USING bS; NR; NYear; NMonth; NSTJ{l, NYear); N5'1'] ( lJ, NYeal");
TNIF(NYear); TNOF(NYear); TNEV(NYear); TSpill(NYear); CheckTDNST(NYear)
ELSE
END IF








;:~~~~;~~ '":::;r:~:. ~~. ~~~~~~"'* ** •••••••• **••
InitiationI",'.' •............................."'''' * * ••* * *••• * * * * ** *.
:nitialization.ACirCtr:
I $DYNAMIC
IMonth - Month: NIYear - MYear: IReplicate .., NReplicate
DIM Blank AS STRING, TimeStep AS STRING, Replicate AS 51'RING
DIM Min (IKonth), Kax(IKonth), KinNIFJ(IHonth). MdxNIf"J(IMonth), MinN::>'r"J(lMonthl,
HaXNSTJ (IMonth)
DIH MinNOF) (IMonth), MaxHOFJ (IHonth), Mi nNJ;::V3 (lMonth), MaxNEV] (J Month), Mi n~p i II J { [M(JIlt hl ,
MaxSpil13 (IMonth)
DIM SNIF3 (IMonth, 1 Replicate), AN 11") (lHonth, I~epl icat",). SONlt'l~( I Hunth, I H'''I' I i ,;.. cc) ,
VNIFJ (IMonth, IReplicate)
DIM stdNIF3(IMonth. IRepUcate), DNIF3S(IMonth, IReplicalc), SNS'r'J(lMonth. Ik,--,pJic<lleJ
DIM ANSTJ(IMonth, IReplicace), SDNST3S(IMonth, IReplic",te). VNS'rl(lMonch. Ilh.."licdte)
DIM StdNSTJ(IMonth, IReplicate). DNSTJSIIMonth, JReplicatc), SNOi'"J(IMontll, ll<cplit.:dtcJ
DIM ANOF3(1Honth, IReplicate), SDNOF3S(IHonth, !Replicate), VNOFJ(lMontlt, Ikepl ic,ltt.!}
DIM StdNOFJ{IHonth, IReplicate). DNOF3S(IMonth. lRepllCate). SNI::V l (IMont.h, IWcpl iCdlc).
ANEV3(IMonth. IReplicate)
DIM SDNEV3S(IMonth, IReplicate), VNEVJ(IHonth, IHeplic<Jte}, StdNt;V)(JMonth, IltcJllicdle)
DIM DNEVJS{IHonth, IReplicate). SSpillJ (IMonth, IRepl kate). A~pil J 'J (IMont.h. lH,--,pl i';dte).
sDSpillJS(IMonth. lReplicate)
DIM VSpil13 (IMonth, IReplicate). StclSpiJ i 1 (IMonth. IHeplicate), Ot;pilI3t;( IMollth, H<epI1<':dt'-')
a$ .. "1111 1111##.11 111111." 111111.11"
RETURN
I •••••••••••••••••••••••••••••••••••••••••••••••••••"' • ••••••••••••••••• , ••••
Statistics. Calc
• "' ** ** ***** ***•• **.* *.* ••••••••••• "' "' "' ..
Statistics .Calc. ACirCtr:
OPEN "c;\Cir\Cirlnpl.out" FOR INPUT AS 136 'in~uc or ,.c",t..<,:<oIC
fOR NYear ;: 1 TO NIVear
FOR Month - 1 TO 12
INPUT '36. NIF3(Honth, NYear). NSTJ(Month, NYear). UOF3(Month. Il't,-,<,-r). Ilt;V"I\MorH,tl.













,------------------ Max and Min
MaxMin.Calc:
FOR Month ... 1 TO 12
HinNIF3 (Month) 100UO
HaxNIF3(Honth) '" 0
MinNS'!') (Month) '" 1000()
HaXNS'rJ (Month) .. 0
MinNOF3 (Month) '" 100VO
HaxNOF3 (Month) .= 0
MinNEV3 (Month) - 10000
HaxNEV3 (Month) -"" 0
MinSpillJ{Honth) .. 10000
HaxSpil13 (Month) - 0
NEXT Month
FOR Month = 1 TO 12
FOR NYear = 1 TO NI'r'e<tr
IF NIF3(Honth, NYear) < MinNIFJ(Month)
Hint"lF3{Month) "" Nlt'J(Month, NYc"I-)
l::LSE
~;ND I'"
IF Nll-'](Month, NY(,<lr) '" M",xNH'I(~l"lII.IlJ
MaxNIF3(Monthl - NU'J(Mutllll, IIY,""')
J::LS£
J::ND 11-'
IF NS'l'l{M"ntll, NYc"I') ~""ll:;""iH,."lt,)
MinNS'l',J(Month) - N:;TI\Nul,th, H'(".IIJ
I::I.SI-:
END It'
U' NS'r3(Month, N'iear) > M,lxNST3(Month) 'I'IU-;N
MaxNS'l') (Month} • NSTJ (Honth, N'ioal-)
a,:LSt:
a,:NO IF
IF NOt')(Month, N'iear) < MinNOt')(Month) TIIl::tl
HinNOt'J(Honth) • NOt'3(Honth, NYellr)
ELSE
END It'
1)-' NO)-'3(Month, IlYear) > M.. xUOt'3(Honth)
MaxNOF'3{Month) • IIOt'JIMol,th, IlYc<lr)
ELSE
t:NO IF
IF' NEVJ{Month, NY"",,") ... Mi"tu:VJ(MuIII./'1
HlnNEV)(Month) - Ilj,.V'tHont.h, tlVe"')
t::LSt;
I::NU IF




H' spUD (Month, NYearl < MinSpU I) (Monthl
MinspiIIJ(MOllthl • spillJ(Month, tl'it:dr)
I::LSa,:
ENll IF'
J)-' spilll(Honth, N'iear) > MdXSpiIIJ(Munth)






,----------------. ------------- AV~.Cd I..::
Avq,C.. lc;
..... _.._..._...~--.......,.........
,---------- Aver<llje or Ill:;V J
FOR Month ~ 1 '1'0 I;,!
SNIF) (Month, NIt) ::.: 0
SNST) (Month, NH) :.: 0
SNOF3(Month, NR) - 0
SNEV3 (Honth, NR) '"' 0
SSpillJ(Month, NU) '" 0
NEXT Month
fOR NYear '" 1 TO NHear
FOR Month = 1 TO 12
SN1F3(Month, HR) - SNIF3(Month, NR) + NIt'3(Month, NYear)
SNSTJ(Month, NR) = SNST3(Honth, NR) + NST3{Month, NYear)
SNOf) (Month, NRl :: SNOF) (Month, NR) + NOF) (Month, NYear)
SNEV3(Month, NR) _ sN£V3{Month, NR) + NI::V) (Honth, NYear)
SSpil13(Month, HR) _ sSpil13{Month, NR) + Spilll{Month, NYc,.r)
NEXT Month
NEXT NYear
FOR Month'" 1 TO 12
ANIF) (Month, NR) = SNH'J(Month, NR) / tHYei:lr
ANST3 (Month, Nfl.) "" .sNS'I'] (Month, NR) I NIYcar
AHOF3 (Month, NH) ". StlOF] (Month, NR) I NIYcar
ANEV) (Month, NH) :.: SNEV3(l1onth, Hl<) / Nnear




FOR Month - 1 TO 12
SDNIF)S(Month, NR) '" C'
SDNST3S(Month, NEt) = 0
SDNOF3S(Month, Nl<)
SDNEV3S(Konth, NR) .. 0
SDSpi1l3S(Honth, NR) "" 0
NEXT Month
FOR NYear = 1 TO NIYear
FOR Month .. 1 TO 12
DNIF3S(Month, NR) = (NIF3 (Month, NYear) - ANIF3 (Month, NR» A 2
SDNIF3S(Month, NR) = SDNIF3S(Month, NR) ... DNIF3S(Month, NR)
DNST3S(Month, HR) "" (NST3(Honth, NYear) - ANST3(Month, NR» A 2
SDNST3S(Month, NR) = SDNST3S(Month, NR) + DNST3S(Month, HR)
DNOFJS(Month, NR) = (NOF3(Month, HYear) - ANOF3(Month, HR» A 2
SDHOF3S(Month, HR) ,.. SDHOF3S(Honth, NR) + DNOF3S(Konth, NR)
DHEV3S(Month, NR) '" (NEV3 (Honth, NYear) - ANEV3 (Month, NR» A 2
SDNEV3S(Month, NR) =0 SDNEV3S(Month, HR) ... DNEV3S(Month, NR)
DSpil13S(Month, NR) - (Spill3 (Month, NYear) - ASpi1l3 (Month, NR) A 2






FOR !'fonth - 1 TO 12
VNIF3 (Month, NR) "" SDNIF3S{Month, NR) I (NIYear - 1)
StdNIF3 (Month, NR) "" (VNIF3 (Month, NR» .... 5
VNST3 (Month, NR) .. SDNST3S(Month, NR) I (NIYear - 1)
StdNST3 (Month, NR) .. (VNSTJ (Month, HR» ~ .5
VNOF3 (Month, NR) = SDNOF3S(Month, HR) I (N!Year - 1)
StdNOFJ (Month, HR) = (VNOFJ (Month, NR» ~ .5
VNEV3 (Month, NR) - SDNEV3S (Month, NR) I (N!Year - I)
StdNEVJ (Month. Ha) "" (VNEV3 (Month, NR» .... 5
VSpillJ(Month, NR) "" SDspillJS(Honth, HR) I (NIYear - 1)





IF (NR - NRTest) THEN
PRINT 117,
PRINT 117,
PRINT 117, "Aqunq W.H. SOEKARNO"
PRINT 117, DATE$, TIME$
PRINT/I?,
""""""""""""""*""*""""""""""**"""**""********************************"****************"****"PRINT #17, "* output ot Cir-ctr; Program"
PRINT #17, ". Node] : C I RAT A"
PRINT 117, ..*.,
PRINT #17 .. ,,-----------------------> Stat.Calc - Replicate no. ", NR
P R I N TIl 7 ,
.. *******•••*••••••*••••*•••••••••••••••••••••*•• **••••*•••* * * **•••***.* ..
PRINT #17,
PRINT 117, " NIF] - Intlow to Node 3: Cirata"
PRINT 117,
PRINT #17, " NYear May Jun Jul Aug Sep Oct Nov Dec Jan
Feb Mar Apr"
PRINT 117,
FOR NYear - 1 TO NIYear
PRItr.' 117, USING "1111.11 11 ; NYear; NIF3(1, NYear); NIFJ(2, HYear): NIFJ(J, HYear);
NIF3(4, NYear); NIF3(S, NYear); NIF3(6, NYear); NIF3(7, NYear); NIF3(8, NYear); NIF3(9,
NYear); NIF3(10, NYear); NIF3(11, NYear); NIF3(12, NYear)
NEXT NYear
PRINT '17,
PRINT #17," NR May Jun .luI Auq Sep Oct Nov Dec Jan
Feb Mar Apr"
PRINT 117, IlMinlaulll at' NIF)"
PRINT #17, USING "'11#.##"; NR; MinNIF3(1); MinNIF3(2); MinNIFJp); HinNIF3(4);
M1nNIF3(S); MinNIF3(6); M1nNIF3(7); HinNIFJ(8); MinNIFJ(9); MinNIFJ(10); MinNIFJ(ll);
HinNIF3(12)
PRINT '17, "ANIF] - Average ot NIF)"
PRINT #17, USING "##11.""; NR; ANIF)(I, NRl; ANIF)(2, NR); ANIF](3, NR); ANIF](4,
HR); ANIF3(5, NR); 1.NIF3(6, NR); AJiIF3(7, NR); AHIFJ(8, NR); ANIF3{9, HR); ANIFJ(10, HRI;
ANIF3(1l, HRI; ANIF3(12, HR)
PRINT '17, IlMa)(bulD ot' NIF}"
".
PRINT #17, USING "###1.##"; HR; HaxHIF3(1); HaxNIF3(2); MaxNIF3(3); MaxNIF3(S);
MaxHIFJ(5); MaxNIFJ(6): MaxNIF3(7); MaxNIFJ(8): MaxNIFJ(9); MaxN!f'3(10); HaxNIFJ(ll);
MaxNIF3 (12)
PRINT #17, "stdNIF3 .. Standard Dev. of NIF3"
PRINT 117, USING "111/.11"; HR; stdNIF3(l, NR); StdNIFJ(2, HR); StdNIF3(3, HR);
StdHIFJ(4, HR); StdHIF3(5, HR)j StdNIFJ(6, HR): StdHIF)(7, HR)j StdHIF3(8, NRlj StdHIFJ('3,
NR); StdNIF3{lO, HR}; StdNIF3(1l, NR)j StdNIF3(12, NR)
PRINT #11,
PRINT #17, " MSTJ "" End of period storage of Node J: Cirata"
PRINT 117,
PRINT 117," NYear May Jun Jul Aug Sep
Feb Mar Apr"
PRINT 117,
FOR NYear - 1 TO NIYear
pRINT #17, USING ""11.##"; NYear; NSTJ(I, NYear); NSTJ(2, NYear); NST3(J, NYear);
NSTJ(4, NYear); NST3(5, Nrear); NST3(6, HYear)j NST3(7, NYear): BST3(S, NYear); NST3(9,
NYear); NST3(10, NYear); NST3{11, NYear); NST3(12, NYear)
NEXT NYear
PRINT 117,
PRINT #17," NR May Jun Jul Aug Sep Oct Nov Dec Jan
Har Apr"
PRINT #17, "Minimum ot NST3"
PRINT #17, USING "1111.11"; NR; MinN5TJ{I)j MinNST3(2)j KinNST3p)i MinNST3(4);
MinNST3 (5); MinNSTJ (6); MlnNST3 (7); MinNST3 (8); MinNST3(9); MlnNST3 (10); MinNST3 (11);
MinNST3{12)
PRINT #17, "MST3 '" Average of NST3"
PRINT #17, USING "1###.1#"; NR; AHST3(l, NR~: ANST3(2, NR); ANST3 (3 , NR): ANSTJ(4.
NR); ANST3{5, HR); ANSTJ(6, NR); ANSTJ(7, NR); ANST3(B, NR); ANST3(9, HR); ANST3(lO, HR);
ANSTJ(ll, HR); ANSTJ(12, NR)
PRINT #17, "Maximulll of NSTJ"
PRINT 117, USING "1111.11"; NR; MaxNST3(1); MaxNS'r3(2}: HaxNSTJ(J); MaxNSTJ(5);
MaxNST3 (5); HaxNST3(6); MaXlfST3 (7); MaxNSTJ (B); MaxNSTJ (9); MaxNSTJ (10); MaxNSTJ (11);
KaxNSTJ(12)
PRINT #17, "StdNST3 ::;: Standard Dev. of NST3"
PRINT /17, USING """.11"; HR; StdNST3(l, NRl; StdNST3(2. MRI; StdHST3(3, lolR);
199
StdNST3(4, HR); StdNST3(S, HR); StdHST3(6, HR); StdNST3(7, HR); StdNST3(B, NR); StdNSTJ{9,
NR); St;.dNST3{10, NR); StdNST3 (11, NR.\; StdHST3 (12, NRI
PRINT 117,
PRINT #17. " NOF3 .. OutFlow from Node 3: Cirata"
PRINT #17,
PRINT 117," NYear Hay Jun Jul Aug sep Oct Nov Dec Jan
Feb Mar Apr"
PRINT 117.
FOR NYear .. 1 TO NIYear
PRINT 117, USING "1111.11"; NYear; NOFJ(I, NYear); NOFJ(2, NYear); NOFJ(J, NYear);
HOF3(4, NYear); HOFJ(S, NYear); HOFJ(6, HYear); NOFJ(7. HYear); NOFJ(a, HYear); NOFl(9,
NYear); NOF3{.lO, NYear); NOFJ(11, NYear); NOFJ(12, NYear)
NEXT NYear
PRINT /17,
PRINT 117," NR May .Jun Jul Aug Sep Oct Nov Dec Jan
Mar Apr"
PRINT 117, "Minimum of NOFJ"
PRINT /17, USING "1111.""; NR; HinNOF3(I): HinNOFJ(2); MinNOFJ(l); HinN0F3(4);
MinNOF3 (5); MinNOY3 (6); MinNOF3 (7); MinNOF3 (8); MinNOF3 (9); MinNOFJ (10); HinNOFJ (11);
MinNOF3 (12)
PRINT #17, "ANOr) • Average ot NOF)"
PRINT /17, USING "1111.11"; NR; .\NOF)(I, NR); ANOFJ(2, NR); ANOFJ(J, NR); ANOFJ(4,
HRJ; ANOF3(5, HR); ANOF3(6, NR); ANOF3(?, NR); ANOF3(£., HR); ANOF3(9, HR); AHOF3(10, HRI;
ANOFJ(ll, HR); ANOF3(:i.2, NR)
PRINT /17, "Maximum of NOF)"
PRINT /17, USING 10 1111.11"; HR; MaxNOF3(I)j MaxNOFJ(2); MaxNOF3(3); MaxNOF3(S);
MaxNOFJ (5); MaxNOF3 (6); MaxNOFJ(7); MaxNOFJ(8); MaxNOFJ (9); MaxNOFJ (10); MaxNOFJ (11) ;
HaxNOF3 (12 J
PRINT 117, "StdNOFJ .. Standard Dey. of NOF3"
PRINT 117, USING "1111.11"; HR; St4NOF3(l, NR); StdNOF3(2, HRl; StdNOF3(3, HR);
StdNOF3 (4, HR); stdHOFJ (5, NR); StdNOFJ (6, HR); StdNOFJ (1, HR); StdNOFJ (8, HR); StdNOn (9,
NR); StdNOF3(10, NR); stdNOFJ(ll, NR); StdNOF3(I2, NR)
PRINT 117,
PRINT /17, "NEVJ .. Evaporation of NOde 3: Cirata"
PRINT 117.
• '.~.''''.'' ~ ,-"',,,,V',"-.·"' , .•.•. ",. ".,' '. : ;,
PRINT #17, " NYear May .Jun Jut Aug Sep OCt Noy Dec Jan
Feb Mar Apr"
PRINT 11.7,
FOR NYear "" 1 TO tl!Year
PRINT #17, USING ""11.11"; NYea!'; MiN3(1, NYear); NEV3(2, NYear); HEV3 (3, NYearl;
NEV3(., NYear); NEV3(5, NYear); NEV3{6. NYear); NEV3(7, NY••r); HEV3(8, NYear); NEV3(9,
HYear); HEV3 (J.o, HYear); HEV) (J.J., HYear); MEV3 (1.2, NYear)
NEXT NYear
PRINT #17,
PRINT 117," NR Hay Jun Ju1 Auq Sep
Feb Mar Apr"
PRINT #17, "KinimuJI of NEV3"
PRINT IJ.7, USING """.""; HR; MinNEV3(1); HinNEV3(2); KinNEV3(3); MinNEY3(4);
KinNEV3(5); MinNEVJ(6); KinNEVJ(7); HinNEVJ(8); MinNEYJ(!»; MlnNEVJ(10}; HinNEVJ(ll);
MinNEVJ(12)
PRINT 117, "AllEVJ - Average ot NEV3"
PRINT #J.7, USING """.,,"; HR; MEVJ(l, HR); ANEV3(2, HR); "'NEV3(J, HR); ANEV3(4,
HRli ANEVJ(S, NR); ANEV3(6, NR); ANEV3(7, HRl; ANEV3(8, HR); ANEVJ(9, HR); ANEVJ(10, HR);
ANEV3 (11, NR); ANEV3 (12, NR)
PRINT #1.7, "Maximum of HEVJ"
PRINT 11.7, USING "''".,#"; HR; MalCHEV3(1); MaxNEVJ(2); HaXNEYJ(J); HaxNEVJ(5);
MaXNEVJ(S); MaXNEV3(6); KaxNEV3(7); MaxNEVJ(8); MaXHEVJ(9)i MaxHEVJ(10)i MaxNEV3(1.l);
MaxNEV3 (12)
PRI:NT #17, "StdN£VJ • Standard Oev. of NEVJ"
PRINT #17, USING "1111.11"; NR; StdHEVJ(l, HR); StdNEVJ(2, NRI; StdHEVJP. HR);
StdNEV3(4, NR); StdHEV3(S, NR); StdNEVJ(6, NR); StdNEVJ(7, NR); StdNEVJ(8, NR); StdNEV3(9.
NR); StdNEV3(l.O, NR); stdNEYJ(1.1, NR); StdNEYJ(12, NR)
PlUNT 117,
PRINT #17,
PRINT 117, "Spi1l3 - spill !low ot Hode J: Cirata"
PRINT 1l.7,
PRI:NT #17, " NYear Hay J~n Jul A.ug Sep OCt Nev Oec
Feb Mar Apr"
PRINT 117,
FOR NYear - 1. TO NlYear
PRINT 117, USING "1'" .11"; Nyear; spil13 (1, NY8ar); spillJ (2. NYear); SpillJ (J,
NY-ear) i Spi1l3(4, NYear); SpillJ(5, NYear); SpillJ(6, NYear); SpillJ(7, NYear); spillJ(8,




PRINT 117," NR Hay Jun .luI Aug Sep Oct Nov Dec Jan
Feb Mar Apr"
PRINT #17, "Hiniraura ot SpillJ"
PRINT 117, USING "1111./1"; HR; KinSpi1l3(1); MinSpi1l3(2)i MinSpillJ(J);
HinSpilI3(4); Minspi113(5); MinSpil13(6); MlI"'SpillJ(7); MinSpillJ(8); HinSpil13(9);
MinSpillJ(10}; HinSpil13(ll); MinSpillJ(12)
PRINT #17, "ASpillJ - Average ot SpillJ"
PRINT 117, USING "11".""; HR; ASpill)(1, HRJj Aspill)(2, NR); ASp.1l13(3, HR);
ASpillJ(4, NR); AspillJ(5, NR); ASpillJ(6, NR); ASpillJ(7, HR); Aspi1l3(8. NR); ASpillJ(9,
HR) j ASpi1l3(IC, NR); ASpill) (11, NR); AspillJ(12, HR)
PRINT 117, "Maxi.um or Spill)"
PRINT 117, USING "1111.11"; NR; MaxSpiUJ(1); MaxSpi1l3(21; HaxSpillJ(3);
HaxSpillJ (5); MaXSpillJ (5); HaXSpillJ (6); MaxSpillJ (7); HaxspillJ (8); Haxspi 113 (9};




PRINT 116, "A9un9 W.H. SOEHARNO"
PRINT 116, OATE$, TIME$, TIME$
" •••••••••••••••••••••••••••••••••••••••••••••••: ••••:-•••••~*••• ~•••••~•••!.••.•:.•.•.•....:,
PRINT #16, ". Output of Cir-ctr Prograll"
PRINT #16, ". Node 3 : C I RAT A"
PRINT 116, " ...
PRINT #16, "-----------------------> Stat. Calc - Replicate no. ", HR
PRIHT/16 •
.......................................**••**••***••* * *•••••• *•• *"' •••• ** ••• *** •• *"
PRINT 116,
PRINT #16, " CRSUM - SUnlll'Iary File ot Node 3: Cirata"
PRINT #16,
PRINT 116, " NYear May Jun Ju1 Aug Sep Oct Nov
Feb Mar Apr"
PRINT 116, "ANIF3 - Average of NIF)"
PRINT 116, USING "1#1#.1#"; HR; ANIFJ(I, NR); ANIFJ(2, NR); ANIFJ(J, NR); ANIFJ(4,
NR); ANIFJ(5, NR); ANIFJ(6, NR); ANIFJ(7, NR); ANIFJ(8, NR); ANIFJ(9, NR); ANIFJ(10, HR);
ANIF3(1l, HR); ANIFJ(12, HR)
PRINT 116, "ANSTJ "" Average of NST3"
PRINT 116, USING "1111.1#"; NR; ANST3(l, HR); ANSTJ(2, HR); ANSTJ(3, NR); ANSTJ(4.
HR); ANST3(5, NR); ANST3(6, HR); ANST3(7, NR}; ANST3(8, NR); ANST3(9, HR); ANST3~10, NR);
ANST3(1l, HR); ANST3(12, HR)
PRINT 116, "ANOFJ '" Average of NOFJ"
PRINT 116, USING "1111./1"; NR; ANGf'3(l, HR); AHOF3(2, HR); ANOFJ(J. HR,; ANOFJ(4,
HR); ANOF3{5, HR); ANOF3(6, HR); ANOF3(7, HRl; ANOF3(8, NR); ANOFJ(9, NR); ANOF3(10, HRI;
ANOF3{1l, HR); ANOF3{12, HR)
PRINT 116, "ANEV3 = Average of HEV]"
PRINT 116. USING "1111.##"; NRi ANEV3(1, HR); ANEV3(2, NR); ANEV3(3, HR); AN£V3(4,
HR); ANEV3(5, NR); ANEV3{6, NR); ANEV3(7, NR); ANEV3(8, NR)j ANEV3(9, NR); ANEV3(10, NR)j
ANEV3(1l, NRI; ANEV3(12, NR}
PRINT #16, "ASpill3 .. Average of spill3"
PRINT /16, USING "111#.#1"; NR; ASpillJ(I. HR); ASpillJ(2, HRl; ASpillJ(3, HRl;
ASpi1l3(4, HR); ASpil13(5, HR); ASpillJ(6, NR); ASpi1l3(7, NR); ASpi113(8, NR); ASpi1l3(9,
HR); ASpillJ(lO, HR); ASpi1l3(1l, HR); ASpil13(12, HR)
ELSE
END IF
WRITE #38, ANIF3(l, NR), ANIF3(2, HRl, ANIF3(3, HR), ANIF3(4, HR), ANIF3(5, NR).
ANIF3(6, NRI, ANIF3(7, HR), ANIF3(8, HR), ANIF3(9, NR), ANIF3(10, NR), AHIF3(1l, HR),
ANIF3(12, HR)
WRITE 138. ANSTJ(l, HR), ANST3(2, NR), ANST3(3, HR), ANST3(4, NR), ANST3(5, NRl,
ANST3(6. HR), ANST3(7, HR), ANST3(8, HR), ANSTJ(9, NRl, ANST3(lO, NRl, AHSTJ (11 , NRl,
ANSTJ (12. NR)
WRITE 138. ANOF3(l, NR). ANOF3(2. NRl, ANOF3(3, HR). AHOF3(4, NR), ANOF3(5, NR),
ANOF3(6, HR), ANOF3(7, NR), ANOF3(8, NR), ANOF3(9, NR), ANOF3(10. NR). ANon(ll, NR).
ANOFJ (12, HR)
WRITE #38, ANEV3(1, NR), ANEV3(2, NRj, AHEVJ(3, NR), ANEV3(4, NR), ANEV3(5. NR),
AN:EV3(6, NR), ANEV3 (1 , NR), ANEVJ(8, NR), ANEVJ(9, NR), ANEV3(lO, NR), ANEV3(1l, NRI,
ANEV3(12, KR)
WRITE #38, ASpi1l3(l, NR), ASpi1l3(2, NRI, ASpillJ(3, NR), ASpi1l3(4, NR),
ASpil13(5, NR), ASpi1l3(6, HR), ASpi1l3(1, NRI, AspillJ(8, HR), ASpil13(9, HRl, ASpil13(lO,
NR), ASpi1l3(1l, NR), Aspil13(12, NR)
20J
WRITE IJ8, StdNIFJ(I, HR), StdHIFJ(2, HR), stdHIFJ(J, HR), StdNIFJ{4, HR),
StdNIFJ(5, HRI, StdNIF3(6, HR), StdNIFJ(7, HR), StdNIFJ(8, HR), StdHIFJ(9, HR), StdHIFJ(lO,
HR), StdNIFJ(11, HR), StdHIFJ(12, HRl
WRITE IJ8, StdNSTJ(I, HR), StdHSTJ(2, HR), StdHSTJ(J, HR), StdHSTJ(4, HR),
StdHST3(5, HR), StdHST3(6, HRl, StdHSTJ(7, HR), StdHSTJ(8, HR), StdHSTJ(9, HRl, StdHSTJ(10,
HR), StdNSTJ (11, HR), StdHSTJ (12, HR)
WRITE 138, StdNOFJ(I, HRI, StdNOF3(2, NR), StdNOF3(3, HR), StdHOF3(4, HRI,
StdHOF3(5, NRl, StdNOFJ(6, HR), StdHOFJ(7, HR), StdNOFJ(8, NR), StdHOF3(9, NRI, StdNOFJ(10,
HR), StdNOF3 (11, NR), StdNOFJ (12, HR)
WRITE 138, StdHEV3(1, HRI, StdNEVJ(2, HR), StdNEVJ(J, HR), StdNEV3(4, HR),
StdNEV3(5, NRl, StdNEV3(6, HR), StdNEV3(7, HRI, stdHEVJ(8, HR), StdNEVJ(9, HR), StdHEVJ(lO,
NR), StdNEV3 (11, NR), StdNEV3 (12, HRI
WRITE #38, StdSpil13(1, HR), StdSpi113(2, HR), StdSpi1l3(J, NR), StdspillJ(4, NR),
StdSpi1l3 (5, NR), StdSpillJ (6, HR), StdSpi1l3 (7, NRl, StdSpillJ (8, HRl, StdSpillJ (9, HR),
StdSpl113(10, NR), StdSpi113(ll, HR), Stdspi1l3(12, NR)
RETURN
outstat.ca1c. test:
FOR NR - 1 TO IReplicate
IF (RR - 1) THEN
PRINT 117,
PRINT 117," HR Hay Jun Jul
Feb Mar Apr"
PRINT #17, "ANIP) - Average ot NIF3"
ELSE
END IF
Aug Sep Oct Nov Dec Jan
PRINT #17, USING "1111.""; NR; ANIF3(l, HR); ANIF3(2, HR); AHIF3(J, HRI; "'HIFl(4,
NR); ANIF3(5, HR); ANIF3(6, NRI; ANIFJ(7, NR); ANIY3(8, HR); ANIF3(9. HRI; AHIF3(lO. HR);
ANIF3(ll, HR); AIUF3(12, NR)
NEXT NR
FOR NR - 1 TO IReplicate




Hay Jun Jul Aug Sep Oct Nov Dec Jan
204
---.~
PRINT 117, "ANST3 = Average of NST)"
ELSE
END IF
PRINT #17, USING It/ll'.""; HR; ANSTJ(l. HR); ANSTJ(2, NR); ANST3(l, NRI; ANST3(4,
HR); ANST3(S, HRl; ANST3(6, NR); ANSTJ(7, HRli ANSTJ(8, NR); ANST3(9, HR); ANSTl(lO, HRI;
ANST3{ll, NR); ANSTJ(12. NR)
NEXT NR
FOR NR = 1 TO IReplicate
IF CNR - 1) THEN
PRINT /17,
PRINT #17. It NR May Jun Jul
Feb Mar Apr"
PRINT #17, "ANEV) = Average of NEV)"
ELSE
END IF
Aug Sep Oct Nov Dec Jan
PRINT #17, USING "1111.'#"; HR; ANEV3(1. HR); ANEV3{2, HRI; ANEVJ(3. NRI, ANEV3(4,
NR); ANEV3(5, NR)i ANEVl(6, HR); ANEV3{/, NR); ANEV3{8, HRl; ANEV3(9, NRj; ANEVJ(lO, NR);
ANEV)(!l, NR); ANEV3(12, HR)
NEXT NR
FOR NR - 1 TO IReplicate
IF (NR - 1) THEN
PRINT #17,
PRINT #17." NR May Jun Jul Aug
Feb Mar Apr"




PRINT /17, USING "1111.#1"; NRi AspillJ(l, NR); ASpillJ{2, NR)i ASpillJP, NRI;
ASpi1l3(4, NR); ASpi1l3(5, NRli ASpi1l3(6, NR); ASpi1l3(7, NR); ASpillJ(8, NR); ASpillJ(9,










PRINT "5 tat i s tic 5 . T est"
IF (NR - NRTest) THEN
PRINT 117, "--------------> S tat i s tic s
PRINT 117.














FOR NR = 1 TO IReplicate
INPUT 139, ANIF3(I, NR), ANIF3(2, HA), ANIFJ (3 , NR), AHIf"J(4, HR), "H1F3(5, HR),
ANIF3(6, NR), ANIFJ(7. HR), ANIFJ(8, HR), ANIF3(9, HR), AHIFJ{10, HRl, ANIF3(ll, NR),
.\NIFJ (12, NR)
INPUT 139, ANST3(I, NR), ANST3(2, NR), ANST3(3, NR), ANST3(4, NR), ANST3(5, NRJ,
ANSTJ(6. NR), ANST3(7, HH), ANSTJ(8, NR), AHST3(9, HH), ANST3(lO, NR), ANST3(ll, NR),
.\NST3(12, NH)
INPUT 139, ANOFJ(l, HH), ANOF3(2, NR), ANOF3 (3 , HR), ANOF3(4, NR), ANOF3(~, HR),
ANOF3(6. HR). ANOF3(7, HR), ANOF3(8, NR), ANOF3(9, HRl, ANOFJ(lO, HRI. ANOF3(ll, NRI,
ANOF3 (12, NR)
2011
_.. ,~.,.",....,..- ..... ..,~~-,...,.....-..........,..,.. ......,.....-~
INPUT 139, ANI::VJ(l, HR), AHEVJ(2, HRI, AHEVJ(J, HR), AHI:.'\I3(4, HHj, ANI::V)(~, HH),
ANEV3(6, HRI, ANEV3(7, HRI, AN£V3(8, HR), AN£V3(9, HR), AN£V3(10, Hk), ANI::V3(II, tHe),
AHEV) (12, HR)
INPUT #39, ASpi1l3 (1, HRl, ASpillJ (2, NR), ASpill3 (J, HN), ASpj ILJ (4, Nkl,
ASpll13(5, HRL ASpi1l3(6, HRJ. ASpi1l3(7, HRl, ASpillJ(8, HR), AspillJ(9, NR), ASpillJ(10,
NR), AspillJ(ll, NR), ASpillJ(12, NR)
INPUT #39, StdHIF3(1, HR), StdNIFJ(2, HR), StdNIF3(J, NH), StdNIF3{4, HRL
StdNIF:.i(5, HR), StdNIF3(6, NR), StdN1F3(7, HR), StdNIFl(8, NR), StdNIF3(9, NRl, StdNJF3(lO,
HR), StdNIF3 (11, HRI, StdNIFJ (12, NR)
INPUT #39, StdNSTJ(l, HR), StdHSTJ(2, tlR), StdNST3(3, HRl, StdNS'!'){4, NUl,
StdNST3(5, HR), StdNST3(6, HRI, StdHST3(7, HR), stdHSTJ(8, HR), StdNSTJ(9, HR), St.dNST3(10,
HR), stdHST3(1l., HRI, stdNSTJ(12, HRl
INPUT 139, StdNOr3 ( 1, NR) , StdNOr) (2, HRl, StdNOF) (3, HRJ, StdNOFJ (4, HR),
StdNOF3(5, HR), StdNOFJ(6, HR), StdNOF3(7, NRl, StdNOF3(8, NR), StdNOn(9, NRI, St.dNOP3(IU,
HR), StdHOF3(ll, NR), stdHOF3(12, NR)
INPUT #39, StdH£VJ(l, HR), StdNEVJ(2, HRI, StdHEVJ(J, HRI, St.dN£VJ(4, NAI,
StdNEV3(5, HR), stdNEVJ(6, HRl, StdHEVJ(7, HRl, StdHEV3(8, NR), StdNEV3(9, HRI, stdNJ::V3(lO,
NR), StdHEVJ (~1, HR), StdNEV3 (~2, NR)
INPUT 139, StdSpi1l3(1, NR), StdSpillJ(2, NR), st.dSpillJ{3, NW), Std~pillJ{4, NRj,
StdSpi1l3(S, NR), StdSpillJ(6, NR), StdSpi1l3P, NRl, StdSpillJ(8, NR), StdSpillJ(9, Hk),





DIM SANIF3 (12), SStdNIFJ (12), AANIF3 (12), ASt.dNIFJ (121, SANSTJ( 12)
01" SStdNSTJ(12), AANST3(12), AStdNSTJ(l2), SANOF3{12l, SStdN0f3(121, AANOF3(lZl
DIM AStdNOF3(12) , SANEV3(121, SStdNEV3(12l, AANEV3(12) , AStdN£VJ{12J
01" SASpilI3(12) , SStdSpl113(12), AASpil13(12), AStdSpLllJ(12)
,---------- Average of HEV3
FOR Month - 1 TO 12
SANIFJ (Month) - 0
SStdNIFJ (Month) - 0
SAHSTJ (Month) = 0
SStdNSTJ (Month) = 0
SANOFJ(Month) .. 0
SStdNOFJ (Month) - 0
SANEV3 (Month) ;;; 0
SStdNEVJ (Month) .. 0
SASpillJ (Month) "'" 0
SStdspill:l (Month) C' 0
NEXT Month
FOR Month - 1 TO 12
E'OR NR = 1 TO IReplicate
SANIFJ(Month) .. SANIFJ{Month) + ANIFJ(Month, NR)
SStdNIFJ (Month) = SStdNIFJ (Month) + StdNIFJ (Month, NR)
SANSTJ(Month) .. SANST3{Month) + ANST3(Month, NR)
SStdNST3 (Month) "" SStdNSTJ (Month) + StdNST3 (Month, HR)
SANOF3(Month) = SANOF3(Month) + ANOF3(Month, HR)
SStdNOFJ (Month) - SStdNOF3 (Month) + StdNOF3 (Month, NR)
SANEV3(Month) .,. SANEVJ(Month) + ANEVJ(Month, NR)
sStdNEVJ (Month) = SStdNEV3 (Month) + stdNEV3 (Month, HRI
SASpillJ (Month) = SASpillJ (Month) + ASpillJ (Month, HR)
SStdSpi1l3 (Month) = SStdSpillJ (Month) + StdSpillJ (Month, NR)
NEXT NR
NEXT Month
FOR Month - 1 TO 12
AANIFJ(Month) '" SANIFJ(Honth) I IReplicate
AStdNIFJ (Month) - SStdNIFJ (Month) I IReplicate
AANSTJ (Month) = SANSTJ (Month) I IReplicate
AStdNSTJ (Month) - SStdHSTJ (Month) I IRepl icate
AANOFJ (Month) = SANOF3 (Month) I IRepllcate
AstdNOF3 (Month) = SStdNOF3 (Month) I IReplicate
AANEV3 (Month) = SANEV3 (Month) I IReplicate
AStdNEV3 (Month) = sStdNEVJ (Month) I IReplicate
AASpillJ (Month) .. SAspiUJ (Month) I IRepl icate
AStdSpil13(Honth) = SStdSpillJ(Honth) I IReplicate
NEXT Month
20H
•... '., .. _.- ._~ .. '" - , ~ '~"'~-...•..- •.. --"'--:>,.-_._...,..- ,. - '~
RETURN
, ------------------------------Sumation of Surna ticn
SumSull.Cale:
DIM SOANIF3S(12), SOStdHIF3S(12), OANIFJS(12), DStdNlf'JS(12)
DIM SO.utST3S(12). SDStdNST3S(12), DANSTJS(l2), DStdNST3S(12)
DIM SDAHOFJS(12), SOStdNOF3S(12), DANOFJS(12), DStdNOF3S(12)
01H SOANEV3S(12), SDStdNEV3S(12), DANEVJS(12), DStdNEV3S(12)
DIM SDASpi1l3S(12), SDStdSpil13S(12). DASpi1l3S(l2), DStdSpi1l3S(12)
FOR Month - 1 TO 12
SDANIF3S (Month) - 0
SDStdNIF3S (Month) - 0




SDANEVJS (Month) .. 0
SDStdHEV3S(Month) .. 0
SDASpl1l3S (Month) • 0
SDStdSpi1l3S (Month) • 0
NEXT Month
FOR Month '" 1 TO 12
FOR NR • 1 TO IRepl leate
DANIFJS(Month) .. (ANIF3(Honth, NR) - MNlf'J{Honth» '" 2
SDANIFJS(MOflth) .. SDANIFJS(Honth) + DAHIFJS{Honth)
DStdNIF3S(Month) .. (StdNIFJ (Month, HR) - AStdHIF3 (Honth») '" 2
SDStdNIF3S(Month) .. SDStdNIFJS(Month) + DStdNIF3S(Honth)
OANSTJS(Month) .. (ANST) (Month, HR) - MNST3 (Honth» '" 2
SDANST3S (Month) .. SOANSTJS (Honth) + DANSTJS (Month)
DStdNST3S(Month) .. (StdNSTJ(Honth, NR) - AStdNSTJ(Honth)) - 2
SDStdNST3S (Monti'll .. SDStdNST3S (Month) + DStdNST3S (Month)
DANOFJS(Month) .. (ANOF3(Month, NR) - AANOFJ(Honth») - 2
SDANOFJS(Month) • SDANOF3S(Month) + DANOF3S(Honth)
DStdNOF3S(Month) .. (StdNOrJ (Month, HRI - AStdNOf) (Honth) )
SDStdNOFJS(Month) .. SOStdNOFJS(Honth) ... OStc1NOFJS(Monthl
DANEVJS(Month) .. (ANEVJ (Month, NR) - AANEVJ (Month) • 2
SDANEVJS(Month) .. SDAN£VJS(Month) ... OANEV3S(Monthl
DStdN£VJS(Month) .. (StdNEYJ(Month, HR) - AStdNEY3(Month) I .. 2
SDStdHEVJS(Month) .. SDStdNEYJS(Month) ... OStdNEYJS(Month)
DASpillJS(Month) ::: (AspillJ (Month, NR) - ""SpilIJ (Month) I • 2
SDASpilIJS(Month) .. SOASpillJS(Honth) ... OASpilIJS(Honth)
DStdSpi1l3S(Month) • (StdSpillJ(Month, HR) - AStdSpillJIMonth)) • 2





OIM VANIF3(12) , StdANIFJ(12) , VStdNIF3(12). StdStdNIF3(l2)
DIM VANSTJ (12). StdANSTJ (12). VStdNST3 (12). StdStdNSTJ (12)
DIM VAROF3 (12). StdANOF3 (12). VStdNOFJ (12), StdStdNOFJ (12)
DIM VANEVJ(12) , StdANEVJ(l2), VStdNEV3112), StdStdNEVJ(12)
DIM VASpillJ(12). StdASpillJ (12), VStdSpi1l3(12). StdStdSpillJ (12)
FOR Month" 1 TO 12
VANIFJ (Month) .. SDANIFJS(Month) I (IR8pliclito - I)
StdANIFJ (Month) .. (VARIFJ (Month) A .5
VStdNIFJ(M'onth) .. SOStdNIFJS(Month) I (IReplicate - 1)
StdStdNIF3 (Month) .. (VStdNIFJ (Month» • • 5
VANSTJ(Month) .. SDANSTJS(Month) I (IRepliclite - 1)
StdANSTJ (Month) .. (VANSTJ (Month» •• 5
VStdNSTJ(Month) .. SDStdNST3SIMonth) I (IRepliclite - 1)
StdStdNST3 (Month) .. (VStdNSTJ (Month» A .5
VAHOF3(Honth) .. SDAHOF3S(Month) I (IReplicate - 1)
StdANOFJ (Month) .. (VANOF] (Month) I •. 5
VStdHOFJ(Honth) .. SDSt.dNOF3S(Honth) I (IRopliclite - 1)
StdStdNOF3 (Month) = (VStdNOFJ (Month» • . 5
VANEV3(Month) "" SDANEVJS(Month) I (IReplicate - 1)
stdANEVJ (Month) = (VANEVJ (Month)) ~ .5
VStdNEVJ(Month) GO SDStdNEVJS(Month) I (IReplicate - 1)
StdStdNEVJ (Month) = (VStdNEVJ (Month) A .5
VAspillJ(Month) .. SDASpillJS(Month) I (IReplicate - 1)
StdAspi1l3 (Month) "" ~VASpillJ (Month) ~ .5
VStdspilIJ(Month) "" SDstdspillJS(Month) I (IReplicate - 1)
StdstdSpillJ (Month) = (VstdspillJ (Month») ~ .5
NEXT Month
RETURN
, ------------------ PrintStat. tes
Printstat.Tes:
IF (NR .. NRTest) THEN
PRINT 117, "AANIFJ GO "
PRINT 117, USING "#1##.""; AANIFJ(l); AANIFJ(2); AANIFJ(J); AANIF'J(4}; AANIFJ(5);
AANIF3 (6); AANIF3 (7): AANIF3 (8): AANIFJ (9): AANIF3 (10); AANIFJ (11); AANIFJ (12)
PRINT 117, "AStdNIFJ ="
PRINT 117, USING "1##1.1#"; AStdNIF3(1); AStdNIFJ(2); AStdNIF3(J): AStdNIF3(4);
AStdNIFJ (5) ; AStdNIFJ (6); AStdNIFJ (7); AStdNIFJ (8); AStdNIFJ (9): AStdNIFJ (In) ; AStdNIFJ (11) ;
AStdNIFJ (12)
PRINT 117, "AANSTJ .. "
PRINT #17, USING "1#11.""; AANSTJ(I): AAHSTJ(2); AANST3(J): AANSTJ(4); AANSTJ(S);
AANST3(6); AANST3(7); AANSTJ(8); AANST3(9); AANST3(10); AANSTJ(ll): AANSTJ(I2)
PRINT /17, "AStdNST3 .. "
PRINT #17, USING "111#.11": AStdNSTJ{I); AStdNSTJ(2); AStdNST3(3); AStdNSTJ(4);
AStdNSTJ (5); AStdNSTJ (6); AStdNST3 (7); AStdNST3 (3); AStdNST3(9); AStdNSTJ (10); AStdNSTJ (II);
AStdNSTJ (12)
PRINT /17, "AAHOFJ '" "
PRINT #17, USING "##11.""; AANOFJ(l); AANOF'J(2); AANOF3(J); AANOf)(4); AANOn(S):
AANOFJ (6); AANOFJ (7); AANOF3 (8); AANOF3 (9); AANOFJ (10); AANOFJ (11); AANOf') (12)
III
PRINT #17, "AStdNOFJ ="
PRINT #17, USING "1111."·; AStdNOF3(l}; AStdNOFJ(2); AStdNOf:l.P); AStdNO~'3(4J;
AStdNOFJ (5); AStdNOFJ (6); AStdNOFJ (7); AStdNOFJ (81; AStdNOFJ (9); AStdNOFJ (10) ; AStdNOl-'J ( 11) ;
AStdNOFJ (12)
PRINT #17, "AAHEVJ '" "
PRINT 117, USING "11##.11"; AANEVJ(I); AANEV3(2); AANEV3PI; AAN£VJ{4}; AAN£V3(5};
AANEVJ(6); AANEV3(7); AANEV3{B); AANEY3(9); AANEY3(l0); AANEVJ(lll; AANEV3(12)
PRINT 117, "AStdNEYJ -"
PRINT #1.7, USING "11##.##"; AStdN£VJ(l); AStdNEV](2); AStdNEV3(J); AStdN£VJ(4);
AStdNEV3 (5); AStdNEVJ (6); AStdNEYJ (7) ; AStdNt'Vl (8); AStdN£V3 (9); AStdNEV1( 10); AStdNEV) (11);
AStdNEVJ (12)
PRINT /17, "AASpill] - "
PRINT /17, USING "1111.11"; AASpill3(1); AASp.111J(2); AASpilll(); AASpi1lJ(4);
AASpi1l3 (5); AASpillJ (6); AASpillJ (71 i AASpillJ (BI; AASp.1llJ (9); AASpillJ (10); AASpillJ (11) ;
AAspillJ(121
PRINT #17, "AStdSpi1l3 -"
PRINT #17, USING "1111.11" i AStdSpilIJ (1); AStdSpil13 (2); AStdSpillJ{l); AStdSpillJ (4) ;
AStdSpillJ (5); AStdSpillJ (6) ; AStdSpillJ (7); AStdSpill3 (8); AStdSpillJ (9); AStdSpillJ (10);
AStdSpillJ (11); AStdSpillJ (12)
PRINT 117, "StdANIFJ - "
PRINT /17, USING "1111.11"; StdANIFJ(l); StdANIFJ(2)j StdANIF3(3); StdANIFJ(4);
StdANIF3 (5); StdANlFJ (6); StdANlFJ (7); StdANIFJ (B); StdANIf") (9); StdAN!!"J( 10) ; StdANIF3( 11);
StdANIFJ (12)
PRINT 111, "StdStdNIF3 - "
PRINT #17, USING ""11.11"; StdStdNIFJ(I); StdStdNIFJ(2); StdStdNIF1(J); StdStdNIFJ(4);
StdStdNIFJ (5) j StdStdNIFJ (6); StdStdNIFJ (7); StdStdNIFJ (8); StdStdNIFJ (9); StdStdNIFJ (10);
StdStdNIF3(11); StdStdNIFJ(12)
PRINT 117, "StclANSTJ - "
PRINT 117, USING ,,#,,#.""; StdANST1(1); StdANST1(2); StdANST3(J); StdAN~'TJ(4);
StdANSTJ (5); StdANST3 (6); StdANSTl (7); StdANSTJ (81; StdANST3 (9); StdANSTJ (101 ; StdANS'rJ (11) ;
Std.AHSTJ (12)
PRINT 117, "StdStdNST3 _ "
PRnrr 1!7, USING "1/##.11"; StdStdNST3(1); StdStdNST) (2); StdStdNSTJ (3); StdStdNST) (4);
StdStdNSTJ (5); StdStdNSTJ (6); StdStdNSTJ (7); StdStdNSTJ (8); StdStdNST3 (9); StdstdNST3 (101;
StdStdNSTJ (11); StdStdNSTJ (l<!)
PRINT 117, "StdANOFJ - "
PRINT 117, USING "1I11.n"; StdANOFJ (1); StdANOFJ (2); StdANOFJ (3); StdANOPJ (4);
StdANOF3(5); StdANOFJ(6); StdANOFJ(7); StdAHOfJ(8); StdANOPJ(9); StdANOFJ(lOJ; StdANOf'J(ll);
StdANOF3 (12)
PRINT 117. "stdStdNOFJ ....
PRINT #17, USING "'",.""; stdstdNOFJ (1); StdStdNOFJ (2); StdStdNOF3 (J); StdStdNOFJ (" I ;
StdStdNOF3 (5); StdStdNOFJ (6); StdStdNOFJ (7); StdStdNOP3 (8); StdStdNOf'3 (9) j StdStdNOt"3 (10) j
StdstdNOFJ (11); stdStdNOFJ (12)
PRINT 117, "StdANEVJ .. "
PRINT 117, USING "1111.1'"; StdANEVJ(l); StdANEVJ(2); StdANEVJ(J)j StdANt,;V3(4);
StdANEVJ (5); StdANEVJ (6); StdANEVJ (7); StdANEV3 (8) ; StdANEVJ (9); StdANEV) (10); StdANEVJ (11);
StdANEVJ(12)
PRINT 117, "StdstdNEVJ ....
PRINT #H, USING "1111.11". StdStdNEVJ(l). StdStdNEVJ(2); std:::tdNEVJ(3); StdStdN£VJ(4);
StdstdNEVJ (5); StdStdNEVJ (6); StdStdNEVJ (1); StdStdNEVJ (8); StdstdNEVJ (9); StdStdNEVJ (10);
StdStdNEVJ(ll); StdstdNEVJ(12)
PRINT 117, "StdASpillJ .. It
PRINT IH, USING "1111.""; StdAspillJ (1); StdASpillJ (2); stdASpillJ (J); StdASl'i J I) (") ;
StclASpillJ(5); StdAspillJ(6); StclASpillJ(1); StclASpillJ(8); StdASpi1l3(~); StdASpiIIJ(JU);
StclASpi1l3(1l); StclAspillJ(12)
PRINT '17, "StdStdSpillJ .. "
PRINT 117, USING "1111.""; StdStdSpillJ(l}; StdstdSpillJ(2); StdStdSpil13())j
StdstdSpillJ (4); StdStdSpillJ (5); StdStdSpi1l3 (6) j StdStdSpillJ (7); StdStdSpi l1J (8) j





PRINT 116, "Agung W.H. SOEHARNO"
PRINT 116, DATE$, TIHE$
PRINTI16,
"""""""" "" "" """"""""" """-""-,, -" -" -"." -" " _ """"""" .. """"""""""--"-."
"Jatctr.Bas
' •••••••••••••••••••••••••••••••••••••••••••••••••••••• *••••••••••• ".*••••••
: ~::~~~~;~~~.~;.~:~~:~~:: *••••
'NIFI inflows to Node 1: the Nanjunq Gauge site
'NIF4 - inflows to Node 4: the Jatiluhur Reservoir
'NST4 - reservoir storage Node 4
'NOF4 - turbine flows from Node 4
'NEV4 - evaporations Node 4
'LEG4 - energy produced by hydropower Node 4: the Jatiluhur Hydropower Plant
, ASur4 - reservoir surface area Node 4
, Head4 heads of hydropower Node 4
, AvgHead4 - average of heads of the beginning and the end of month Node 4
, spill4 - spill flows Node 4
'RC4 - rule curve or reservoir storage targets Node 4
'HinQTb4 - minhnUil flow of turbine Node 4
'CapPlant4- installed capacity of hydropower Node 4
'DNST4 - dead storage of Node .(
'coeta4, Coefb4 - constants for calculating reservoir surface area Node 4
'Coefc4, Coefd4, Coefe) - constants for calculating hydropower plant head Node 4
'HtpFloW4 flow coefficient Node 4
'CoefPlant4 - plant efficiency Node 4
'NR - number of replications
'NYear - number of year
'Month - number of month
, Avg - average
, Min - minimum
, Max - maximum
, Std - standard deviation
_._-.~"..,.....,...--.,.","A"l!1!!J
'"
PRINT 116, "* Output ot ACir-Ctr Program"
PRINT 116, "* Node J : C I RAT A"
PRINT 116, "*"




PRINT 116, II May Jun
Apr"
PRINT 116,
Jul Aug Sep OCt Nov Dec Jan Feb
PRINT 116, "MNIF3 - "
PRINT 116, USING "11#1.11"; MNIFJ(I) i AANIF3(2); MNIFJ(3) i AANIFJ(4); AAHIF3(5);
AAHIF3(6); AAHIF3(7); AAHIF3(8); AANIF3(9); AANIF3(IO); AAUIf3(1I}; AAHIF3(l2)
PRINT /16, "AAHSTJ _ "
PRINT /16, USING "11#1.11"; AANSTJ(1); AANST3(2); AJIo.NSTJ(3); AANSTJ(4}; AANSTJ(5);
AANST3 (6); AANSTJ (7) i AANSTJ (8); AANSTJ (9); AANSTJ (10); ANISTJ (11); AANSTJ (12)
PRINT 116, "AANOFJ - "
PRINT /16, USING "1111.11"; AANOF3(1); AANOF3(2); AANOFJ(J}; AAN0f3(4); AANOFJ(5);
AANOF3(6); AAHOFJ(7); AANOFJ(8); AANOFJ(9); AANOFJ(10); AANOFJ(lI); AANOF3(12)
PRINT /16, "AANEVJ - "
PRINT /16, USING "1111.11"; AANEVJ(I); AANEVJ(2); AANEVJ(J); MNEVJ(4); AAHEVJ(5);
AANEV3(6); AANEV3(7)i AANEV3(8); AANEVJ(9); AANEVJ(lO); AANEV3('I)i AAHEV3(12)
PRINT /16, "AASpillJ - "
PRINT /16, USING "1111.""; AAspillJ(l); AASpillJ(21; AAspilD(3); AASpi1l3(4);
MSpillJ (5); AASpi113 (6); AASpillJ (7); AJ\SpillJ (8) ; AASpillJ (9); AAspil1J (10); AASpi ilJ (II);
AAspillJ(12)
PRINT /17, " The Program Acir-Crt is tinish."














PR:I:NT "The Program or Jat-Ctr is Finish."





PRINT l'AJatCtr Program. II













100 LOCATE 17, 10
PRINT '''l'he Sub-proqram of AJat-Ctr is finish. Of
LOCATE 21, 10
PRINT "Press CTRL-C to stop the program !"
END
, *******. 'II ••• ******* *•••*.*** *•••••••*••••••** ••••••*
Initiation
, *.* .**.******••*•• 'II ••• *••*.** ••• 'II. *****.*••*'II •••** ••
Initialization .JatCtr:
, $DYNAHIC
DIM TNST(61), TNSTJa1 (61), TNIF(61), TNEV(61), TSpill(61), TNOF(61), CheckTDNST(61)
DIM TNOFJ(1J, 61), TNOF4{1J, 61), QRJat AS STRING, CRJat AS STRING, NIF1(13, 61)
DIM NIF4(1J, 61), NST4(13, 61), NOF4(13, 61), NEV4(13, 61), LEG4(13, 61), ASur4(13)
DIM Head4(lJ), AvgHead4(lJ), Spi1l4(lJ, 61). CoefEvap4(13), QR41(13), RC41(13)
OPEN "c:\data\NRepl.datll FOR INPUT AS 11 'Number of replication, nyear
OPEN "c:\data\TierGQM.dat" FOR INPUT AS 12 'Generated monthly flows
OPEN "c:\Jat\EvapJ'at.dat" FOR INPUT AS #J 'Coef. of evaporation of the Jatiluhur Res.
OPEN Itc:\Jat\RCJat.dat" FOR INPlIT AS 112 'Rule curve of the Jatiluhur Res.
OPEN "c:\Jat\JtStat.out" FOR OUTPUT AS #17 'Output of Stat. calc
OPEN "c:\sum.\.ltsum..out" FOR OUTPUT AS #16 'Summary of Jatiluhur silllUlation
OPEN "c: \SWll\note3at.aut" FOR OlITPUT AS #4 ' Note for Jatiluhur simulation
OPEN "c: \Jat\Jatlnp2 •Out" FOR OUTPUT AS #6 ' input-output file
OPEN "c: \Jat\;'atJat.Out" FOR OUTPUT AS #10 • input-output file
OPEN "c: \Jat\JtInputJ.dat" FOR OUTPUT AS 138 ' for output of stat.TES
217
OPEN "c:\Cir\CirJat.out" FOR INPUT AS 150 'outfput from Cirata simulation















PRINT '4, DATE$, TIME$
PRINT '4,
PRINT #4,
PRINT '4, " •••, •••"" ••" J A TIL U H U R .,••" ••• ,." ••• , ••,,,,,."
PRINT '4,
PRINT #4, ,,*••, Print out Test of Jat-Ctr Program for KYear ... "; NTest
PRINT #4,
:INPUT #1, Month, MYear, HReplicate




c$. "'"." "'.11 ",." '".11 ",." '"." ",." ",." '"." '"."11'.11 '11.11"
INPUT '3, coefEvap4(1), CoefEvap4(2), CoefEvap4(J), CoefEvap4(4) , CoefEvap4(S),
coetEvap4 (6), coefEvap4 (7). coetEvap4 (S), CoefEvap4 (9). Coen::vap-4 (10). CoefEvap4 (11).
coetEvap4 (12)
PRINT 14. " CE(1) CE(2) CE(3) CE(4) CE(5) CE(6) '::E(7j CEca) CE(9) C£(10)
CE(ll) CE(12)"
PRINT 14, USING C$i coefEvap4(1); coefEvap4(2)i CoefEvap4(3)i coetEvap4(4);




INPUT 112, RC41(1), RC4l(2), RC4l(3), RC4l(4), RCH(S), RC4l(6). RC4l(7),
RCH(S), RC4l(9), RC4l(10). RC4l(U), RC4l(12)
PRINT 14,
PRINT '4, RCJ'at$
'PRINT 14, "RC(l) - Re(lJ) := NST"ax"
PRINT 14, "RC4il RC4i2 Rc4i3 Rc414 Rc415 RC4i6 RC4i7 RC4is RC4i9 RC4ilo
RC4iu RC4il2"
PRINT '4. USING c$; RCH(l); RC4l(2); RC41(3); RCH(4); RC4l(5); RC41(6);
RC41 (7); RC4l(S); RC41 (9); RC41 (10); RC4l (11); RC41 (12)
PRINT 14.
PRINT '4. "Teet of Reading Data ot KIFl for NYear - 1"
PRINT '4. "NR NY NIF1(1) NIF1(2) NIf'l(3) NIf'l(4) NIFI(S) NIFI(6) NIF1(7)
MIFl(8) NIFl(9) :UFl(lO) NIrI(ll) NIFl(12)·
a$ ... "1111 1111 '11'.11 ''''.11 '"'.11 1111.11 1111.11 1111.11 '"1.11 1111."
1111.11 11111.11 11111.11 ""'.11"
RETURlI




OPEN "C: \J'at\J'atInpl.out" FOR OUTPUT AS 15 'input-output tile
FOR NYear - 1 TO "Year
TNST(NYear) • 0
21'
TNSTml (NYear) - 0
TNIF(NYear) .. 0
TNEV (N~ear) "'" 0
TSpill (NYear) = 0
TNOF(N'iear) _ 0
FOR Month = 1 TO 12
INPtrr #2, NR, NYear, NIFl(Honth, NYear)
IF NIFl (Month, NYearl < 0 THEN
NIFl (Month, NYear) - 0
ELSE
END IF
INPUT #50, TNOrJ (Month, NYear)
NIF4 (Month, NYear) ... LMtpFlo'o/'4 * NIFI (Honth, N'fear) + THOr) (Month, NYear)
NEXT Month
IF (NR = NRTest) AND (NYear = NTest) THEN
PRINT #4, USING as; HR; NYear; NIFI(l, NYear); NIFl(2, NYear); NlFIP, NYear);
NIFl(4, NYear); NIFl(5, N'fear); NIFl(6, NYear); NIFl(7, NYear); NlFI(S, NYear); NIFl(9,




IF (NR - NRTest) THEN
PRINT 14,
PRINT #4, "NIF4 (Honth, NYear) '" LHtpFlow4 * NIFl (Honth, HYear) + THOF) (Month, HYear)"
PRINT 14, "LMtpFloW4 = It; LMtpFlow4
PRINT 14,
PRINT 14, II HR HY THOr(l) THOr(l) THOr(3) THOr(4) THOr(S) TNOF(6) THOF(7)






PRINT "Jat-etr, ---> NR _M; NR
NST4 (1, 1) "" NST4Max
RC41(IJ) .. RC41(1)
FOR NYear = 1 TO "Year
LOCATE 5, 10
PRINT "Jat-Ctr, ---> NYear ""; NYear
IF (NR .. NRTest) AND (NYear .. HTest) THEN
PRrNT 14, USING as; NR; NYear; TNOrJ (1, NYear); TNOf'J (2, NVear); TNon p, NYearl;
THOrJ(4, NYear); TN0F3(5, NYear); TNOFJ(6, MYear); TN0F3(7, NYear); TNOFJ(8, NYear); TN0F3(9,
NYear); TNOFJ (l.O, NYear); TNOFJ (11, NYear); TNOF3 (12, NYear)
PRINT 14,
PRINT #4, "Test output o! Jat-Ctr program tor NYear - "; NTeet
PRINT '4,
PRINT #4, "NR NY Hth. NIF4 NST4 NOF4 NEV4" Spill.4 Head4 AvgHead4
LEG4 ..




FOR Month - l. TO 12
ASur4(Month) - Coeta4 - (NST4(Month, NYear) ... ON5T4) ~ Coetb4
ASur4(Month'" 1) - Coefa4 * (RCH(Month ... 1) ... ONST4l .. Coefb4
NEV4 (Month, NYear) .. CoetEvap4 (Month.) - (ASur4 (Month) ... ASur4 (Honth ... 1) - • 5
NOF4(Month, NYear} - NST4(Month, NYear) - RC41(Honth ... 1) ... NIF4(Honth, NYear)
- NEV4 (Month, NYear)
IF NOF4 (Month, NYear) < 0 THEN
NST4(Month + 1, NYear) = RC41(Month + 1) ... NOF4{Honth, NYUrj
NOP4 (Month. NYear) .. 0





IF NOF4 (Month, NYear) - 0 THEN
NST4(Month + 1, N~earl • RC41(Month + 1) + NOF4(Honth, NYear)
NOF4 (Month, NYear) - 0




IF ((0 < NOF4(Month, NYear» AND (NOF4(Month, NYear) < MinQTh4)) THEN
NST4(Month + 1, NYear) _ RC41(Month + 1) + NOF4(Month, NYear)
NOF4 (Month, NYear) - 0
IF NST4 (Month" 1, Nyear) > HST4Max THEN
Spi114 (Konth, NYear) :0 NST4(Month + 1, NYear) - NST4Max
NST4(Month + 1, NYear) _ NST4Max
GOTO 101
ELSE





Head4 (Month) • Coefe4 * (NST4 (Month, NYear) + DNST4) • Coefd4 + Coete...
Head4(Month + 1) - Coefe4 * (NST4(Month + 1, NYear) + DNST4) • Coefd4 + Coe!a....
AvgHead"" _ (Head... (Month) + Head.... (Month + 1)} * .5
QTb4 '" (CapPlant4) I (CoefP1ant4 * 9.81 * AvgHead41
IF (NST4(Honth, NYear) > 1165 OR NST4(Month, NYear) - 1165) THEN
MaxQTb4 .. 665.258
ELSE
CapPlll.nt4 • N,<;T4(Month, NYear) * 54.79 + 108758.2
QTb4 = (CapPlant4) I (CoefPlant4 * 9.81 * AvgHead4)
HaxQTb4 '" QTb4 * 2.628
END IF
IF (NOF4(Month, NYear) > MaxQTb4) THEN
DNOFMax = NOF4 (Month, NYear) - MaxQTb4




NST4 (Month + 1, NYear) "" RC41 (Month + 1) + DNOFMax
:IF NST4 (Month + 1, N'lear) > NST4Max THEN
spi1l4(Month, NYear) = NST4(Month + 1, NYear) - NST4Max
NST4 (Month + I, NYear) "" NST4Max
ELSE
Spill4 (Month, NYear) _ 0
END IF
Head4(Month) - Coet'c4 '* (NST4(Month, N'lear) + ONST41 ~ Coet'd4 + Coefe4
Head4 (Month + 1) "" Coefc4 * (NST4 (Month + I, NYear) + DNST4) .. Coefd4 + Coefe4
I:F NS'I'4 (Month + ~, NYear) - 0 THEN
Head4 (Month + ~) - Head4Hin
ELSE
END IF
IF (NST4 (Month + 1, NYearl >= NST4Max) THEN
Head4 (Month + 1) .. Head4Max
ELSE
END IF
IF NST'" (Month, NYear) - 0 THEN




IF (NST4 (Month, NYear) >- NST4Max) THEN
Head4 (Month) .. Head4Kax
ELSE
END IF
AvqHead4 = (Head4 (Month) + Head4 (Month + ~») * . 5
LEG4 (Month, NYear) _ (2. 725 I ~OOO) * CoefP~ant4 * AvgHead4 * NOF4 (Month, N'lIear)
TNOF4{Month, NYear) "" KOF4 (Month, NYear) + spill4 (Month, NYear)
TNIF(NYear} - TNIF(NYear) + NIF4 (Month, NYear)
TNEV(NYear) - TNEV(NYear) + NEV4(Honth, NYear)
TSpill(HYear) .. TSpill(NYear) + Spi1l4(Honth, NYear)
TNOF(NYear) - TNOF(NYear) + NOF4(Month, NYear)
WRITE 15, NIF4 (Month, NYear), NST4 (Month, NYear), NOF4 (Month, NYear), NEV4 (Month,
NYear), Spill4 (Month, NYear)
WRITE 16, LEG4 (Month, NYear)
WRITE 110, THOF4 (Month, HYear)
IF (NYear - NTest AND NR - NRTest) THEN
PRINT #4, USING b$; NRi NYear; Month; NIF4 (Month, NYear); NST4 (Month, NYear);




IF (NYear - NTest + 1) AND (NR - NRTest) THEN
IF (NYear - NTest + 1) AND (NR .. NRTest) AND (Month - NTest) THEN
PRINT 14, "------------------------------------------------------------- -"
ELSE
END IF
PRINT '4, USING b$; NR; NYear; Month; NIF4(Month, NYear); NST4(Month, HYear);




.-,"..-,,", 'W~-,"OOO-__ ~·"''"'''l'··"""",,,,~,",,~,,,,~i.~:;;;:,,..I."lt,.' \!d!8Ii
END IF
NEXT Month
CheckTDNST(NYear) - NST4 (I, NYear) - NST4 (13, NYear) + TNIF(NYear) - TNEV(NYear) -
TSpill (NYe~r) - TNOF (NYear)
NST4(l, NYear + 1) • NST4(13, NYear)
IF (NYear - NTest AND NR - NRTBlIt) THEN
PRINT #4, "NR NY Month NST4(1) NST4(13) THIF TNOF THEV TSpill CheckTDNST"
PRINT #4, USING b$j NRj NYear; NMonth: NST4(I, Nrear) j NST4(13, Nrear);
TNIF(Nrear); TNOF(Nrear); TNEV(NYear); TSpill (NYear); CheckTDNST(NYeac)
ELSE
END IF













IMonth - Month: NIYear - MYear: IReplicate - NReplicate
225
DIM Blank AS STRING, Tiuestep AS STRING, Replicate AS STRING, KStepO AS INTEGER
DIM Min(IMonth), Max(IMonth), MinNIF4 (IHonth), MaxNIF4 (IMonth). MinNST4 (IKonth).
MaxNST4 (IMonth)
DIM MinNOF4 (IMonth), MaxNOF4 (IMonth), MinNEV4 (IMonth), MaxNEV4 (IHonth), HinSpil14 (IMonth),
MaxSpi1l4 (IMonth)
DIM SN1F4(IMonth, IReplicate), ANIF4(IMonth, IReplicate), SDNIF4S(IMonth, IReplicate)
DIM VNIF4 (IMonth, IReplicate), StdNIF4 (IMonth, IReplicate), DNIF4S(IMonth, IReplicate)
DIM SNST4 (IMonth, IRe.plicate), ANST4 (IMonth, IReplicate), SDNST4S(IMonth, IReplicate)
DIM VNST4 (IHonth, IReplicate), StdNST4 (IMonth, IReplicate), DNST4S(IMonth, IReplicate)
DIM SNOF4 (IKonth, IReplicate), ANOF4 (IKonth, IReplicate), SDNOF4S(IHonth. IReplicate)
DIM VNOF4 (IHonth, IReplicate), StdNOF4 (IMonth, IReplicate), ONOF4S(IMonth, IReplicate)
DIM SNEV4 (nfonth, IReplicate), ANEV4 (IHonth, IReplicate), SDNEV4S(IMonth, IReplicate)
DIM VNEV4(IMonth, IReplicate}. StdNEV4(IMonth, IReplicate). DNEV4S(IMonth. IReplicate)
OUI SSpil.l.4 (IMonth, IRepl.icatel. ASpil.l.4 (IMonth, IReplicatel, SDSpill.4S(IMonth, IReplicate)
DIM Vspi1l4 (IMonth, IReplicllte), StdSpi1l4 (IHonth, IReplicate), DSpil14S(IHonth, IReplicate)
as - "1### #####1.#1 ##1###.1# ##11##.##"
RETURN
'''' "'''''''''''''''''''''''''''''''''''''''''''''''''.'''"''''''''''''''''''''''''''''''''''''''''.''' "'''' "'''' "' "' "' "'''' .. ''' '" "'''' '" "'''' .. ''' ..Statistics. Calc
,***.*********** ***.****.********** *************** ******************* ** *****
statistics.Calc. AJatCtr:
OPEN 11c:\Jat\JatInpl.out ll fOR INPUT AS 136 'input of stat. calc
FOR NYear - ~ TO Nl:Year
FOR Month - 1. TO l.2
INPUT #36, NIF4 (Month, NYear), NST4 (Month, NYear), NOF4 (Month, N'lear), NEV4 (Month,












~;~1~:~;~~~------- Hax and Hin
FOR Month - 1 TO 12
MinN:IF4 (Month) _ 10000
MaxNIF4 (Month) - 0
HinNST4 (Honth) - 10000
MaxNST4 (Month) - 0
MinNOF4 (Month) - 10000
HaxNOF4 (Month) - 0
MinNEV4 (Month) • 10000
MaxNEV4 (Honth) - 0
HinSpil14 (Month) - 10000
MaXSpilH (Month) - 0
NEXT Month
FOR Month - 1 TO 12
FOR Nyear - 1 TO HHear
:IF NIF4 (Month, N'tear) < MinNIF4 (Honth) THEN
MtoN:IF4 (Konth) _ NIF4 (Month, N'tear)
ELSE
END :IF
IF NIF4 (Month, NYear) > MaxNIF4 (Month) THEN
".xN:IF4 (Month) - N:IF4 (Month, NYear)
ELSE
END IF
:IF NST4 (Month, NYear) < HinNST4 (Honth)
:0127
HinNST4 (Honth) ,.. NST4 (Honth, NYearl
ELSE
END IF
IF NST4 (Honth, "Year) > MaxNST4 (Month)
MaxNST4 (Month) ,.. NST4 (Month, NYear)
ELSE
END IF
IF "OF4 (Month, NYear) < MinNOF4 (Month)
MinNOF4 (Month) :;: NOF4 (Month, NYear)
ELSE
£NO IF
IF NOF4 (Month, N"lear) > MaxNOF4 (Month) THEN
MaxNOF4 (Month) '" NOF4 (Month, NYear)
ELSE
END IF
IF NEV4 (Month, NYear) < MinNEV4 (Honth) THEN
MinNEV4 (Month) '" NEV4 (Month, NYear)
ELSE
END IF
IF NEV4 (Month, NYear) > MaxNEV4 (Month) THEN
MaxNEV4 (Month) - NEV4 (Month, "Year)
ELSE
END IF
IF spi1l4 (Month, NYear) < MinSpi1l4 (Month) THEN
HinSpill4 (Month) - Spil14 (Month, "Year)
ELSE
END IF
IF Spill4 (Month, "Year) > MaxSpil14 (Month) THEN









,---------- Averag-8 of NEV4
FOR Month - 1 TO 12
SNIF4 (Honth, NR) .. 0
SNST4 (Honth, NR) - 0
SNOF4 (Month, NR) = 0
SNEV4 (Month, HRl = 0
sspil14 (Month, NR) _ 0
NEXT Month
FOR N'tear - 1 TO NIYear
FOR Honth _ 1 TO 12
SNIF4 (Honth, NR) - SNIF4 (Month, NR) + NIF4 (Month, U'tear)
SNST4 (Month, NR) = SNST4 (Month, NR) + NST4 (Month, N'tear)
SNOF4 (Month, NR) - SNOF4 (Month, NR) + NOF4 (Honth, N'tear)
SNEV4 (Month, NR) - SNEV4 (Month, NR) + NEV4 (Honth, N'tear)
sspi1l4 (Month, NR) - sspi1l4 {Month, NR} + spi1l4 (Month, N'tear)
NEXT Month
NEXT NYear
FOR Month = 1 TO 12
ANIF4 (Month, NR) = SNIF4 (Month, HR) I NIYear
ANST4 (Month, NR) - SHS'l'4 (Month, NR) I NIYear
ANOF4 (Month, NR) = SNOF4 (Month, NR) I NHear
AHEV4 (Month, NR) - SNEV4 (Mont.h, HR) I NI'tear




FOR Month "" 1 TO 12
SDHIF4S(Month, HR) "" 0
SDHST4S(Month, HR) "" 0
SDHOF4S(Month, NR) = 0
SDHEV4S(Month, HR) "" 0
SDSpi1l4S(Month, NRl .., 0
NEXT Month
FOR NYear - 1 TO NIYear
FOR Month - 1 TO 12
DNIF4S(Month, HR) "" (HIF4(Month, H'lear) - ANIF4(Month, HR» A 2
SDNIF4S(Month, NR) "" SDNIF4S(Month, HR) + DNIF4S(Month, HR)
DNST4S(Month, NR) _ (NST4 (Month, NYear) - ANST4 (Month, NR»
SDNST4S(Konth, NR) - SDNST4S(Mcnth, HR) + DNST4S(Month, NR)
DNOF4S(Month, NR) ... (NOF4(Month, NYear) - ANOF4(Month, HR») A 2
SDNOF4S(Month, NR) c SDNOF4S(Month, NR) + DNOF4S(Month, NR)
DNEV4S(Month, HR) ;; (NEV4 (Month, NYear) - ANEV4 (Month, HR» A 2
SDNEV4S(Month, HR) = SDNEV4S(Honth, NR) + DNEV4S(Month, NR)
DSpi1l4S(iolonth, HR) ;; (Spi1l4 (Month, N'lear) - ASpi1l4 (Month, NR» ... 2






FOR Month .. 1 TO 12
VNIF4(Month, HR) ;; SDNIF4S(Month, NR) I (NIYear - 1)
StdNIF4 (Month, NR) - (VNIF4 (Month, NR» " • 5
VNST4(MOl\th, NR) ... SDNST4S(Month, NR) I (NIYear - 1)
StdNST4(JIlonth, NR) = (VNST4(Month, NR» " .5
VNOF4(Month, NR) .., SDNOF4S(Month, NR) I (NIYear - 1)
StdNOF4{Month, NR) ;; (VNOF4{Month, NR») " .5
'/NEV4(Month, HR) ... SDNEV4S(Honth, NR) I (NIYear - 1)
StdNEV4 (Month, HR) .. (VNEV4 (Month, HR) I .... 5
vspi1l4(Month, NR) "" SDspi1l4S(Month, HR) I (!HYear - 1)




IF (NR = NRTest) THEN
PRINT 117,
PRINT 117,
PRINT 117, "Agung W.H. SOEHARNO"
PRINT #17, DATES, TIMES
'" •••••••••••••••••••••••••••••••••••••••••••••••: •••• : •••••~••••~•••••~••••~•••• ~•••••7••••• :.
PRINT #17, ". Output of Jat-Ctr progralll lt
PRINT 117, Node 4 : 3 A TIL U H U R"
PRINT 117, ..




PRINT #17, " NIF4 • Inflow to Node 4: 3atiluhur"
PRINT #17,
PRINT #17, " NYear May 3un 3ul Aug Sep Oct Nov Dec 3an
Feb Mar Apr"
PRINT #17,
FOR NYear - 1 TO NIYear
PRINT 117, USING "1'#"'.1"; NYear; NIF4(1, NYear); NIF4(2, NYear); NIF4(J, NYear);
NIFo4 (4, HYear) i HIFo4 (5, NYear); HIF4 (6, NYear); NIF4 (7, NYear); NIF4 (8, NYear); NIF4 (9,
NYear); NIF. (10, NYear); KIF4 (11, NYear); NIF4 (12, NYear)
NEXT NYear
PRINT 117,
PRINT 117," NR May .]un Jul Aug Sep Oct Nov Dec Jan
Feb Mar Apr'"
PRINT 117. "Minimua of NIF4"
PRINT 117, USING "''''".,"; HR; HinNIF4(1); HinNIF4(2); HinNIFo4(J); MinNU4(4);
MinNIF4 (5); MinNIF4 (6); MinNIF4 (11; MinNIF4 (8); MinN!F4 (91; HinNIF4 (10); HinNIF4 (11);
MinNIF4 (12)
PRINT /17, "ANIF4 • Average of NIF4"
<!))
PRINT 117, USINCi "111111.1"; NR; ANIF'l(l, NR); ANIF'l(2, NR); ANIF'l(3, NR); ANIF'l('l,
HR)j ANIF4(5, HRI; AHIF4(6, NRlj ANIF4(1, HR)j ANIF4(8, HR); ANIF4(9, HR); AHIF4(lO, NRI;
AHIF4(1l, HR); AHIF4(I2, NR)
PRINT 117, "MaximulIl of HIF'l"
PRINT 117, USING "111111.1"; NR; MaxNIF4(11; MaxNIF'l(2); MaxHIF'l(3); MaxHIt'4(S);
MaxKIF4(5); MaxHIF4(6); MaxNIF4(7); MaxNIF4(8); MaxNIF'l(9); MaxNIF4(IO); MaxHIF4(11);
HaxNIF4(12)
PRINT 117, "StdNIF4 .. Standard Dev. of NIF'l"
PRINT #17, USING "1111#1. I"; HR; StdNIF4 (1, HRI; StdHIF4 (2, HRI; StdHIF'l (J, HR);
StdNIF4(4, HR); StdHIF4(S, HR); StdHIF4(6, HR); StdNIF4(1, HRI; StdHIF4(8, NR); StdHIF4(9,
HR); StdNIF4(IO, HRI; StdHIF4(ll, HR); StdNIF4(12, NR)
PRINT #11,
PRINT 117, " MST4 .. End of period Stora98 of Node 4: Jatiluhur"
PRINT 117,
PRINT 117," NYear May Jun Jul Aug Sep Oct Nov Dec Jan
Feb Mar Apr"
PRINT 117,
FOR NYear .. 1 TO NIYear
PRINT 117, USING ",,1111.1"; NYear; NST4{l, NVear); NST4{2, NYear); NST4(3, NYear);
MST4(4, HVear); NST4(S, KYear); NST4(6. NYear); NST4(7, NYear); NST4(8, NYear); NST4{9,
KY8ar); NST4(IO. HYear); NST4(II, KYear); NST4(12, KYear)
NEXT NYear
PRINT '17,
PRINT 117," HR May Jun Jul Aug Sap Oct Nov Dec Jan
Feb Mar Apr"
PRINT 117, "Minimum of NST4"
PRINT 117, USING "111111.1"; HR; MinNST4(l); MinNST4(2); MinNST4CJI; MinNST4(4};
MinNST4 (5); MinNST4 (6); MinNST4 (1); MinNST4 (8); HinNST4 (9); MinNST4 (10); MinNST4 (11) ;
MinNST4 (12)
PRINT 117, "ANST4 .. Average of NST4"
PIUNT 117, USING """,#.,''; HR; ANST4(I, IiR); ANST4(2, HR); ANST4(3, HR); ANST4(4,
NRI; AHST4(5, HR); AlfST4(6, NR); ANST4(7, HR)j ANST4(8, HR); ANST4(9, NR); ANST4(lO, HR);
ANST4(ll, NR); ANST4(I2, HR)
PRINT 117, "Maximum of NST4"
PRINT 117, USING "111#11.#"; NR; MaxNST4(1); HaxNST4(2); HaxNST'l(J); MaxNS'l'4(5);
-'.~_'. ~
MaxNST4 (5); MaxNST4 (6); MaxNST4 (7); MaxNST4 (8); MaxNST4 (9); MaxNST4 (10); MaxNST4 (11);
MaXHST4(12)
PRINT 117, "StdNST4 :; Standard Dev. of HST4"
PRINT 117, USING "1/111#.#"; HR; StdHST4(1, NR); stdNST4(2, HR); StdNST4(J, NR)i
StdNST4(4, HR); StdNST4(5, NR); StdNST4(6, NR)i StdNST4(7, NR); StdHST4(8, NR); StdHST4(9,
HR); StdJo:ST4ilO, HR); StdNST4(11, HR); StdNST4(12, HR)
PkINT #17,
PRINT /17, " NOF4 ,. outFlow from Node 4: Jat11uhur"
PRINT #17,
PRINT #17," NYear May Jun Jul Aug Sep Oct Nov Dec Jan
Feb Mar Apr"
PRINT #17,
FOR NYear = 1 TO N!Year
PRINT #17, USING "#11#11.1"; NYear; NOF4 (I, NYear) i NOF4 (2, NYear); NOF4 (J, NYear);
NOF4 (4, NYear) i NOF4 (5, NYear); NOF4 (6, NYear); NOF4 (7, NYear); NOF4 (8, NYear); NOF4 (9,
NYear); NOF4 (10, NYear); NOF4 (11, NYear); NOF4 (12, NYear)
NEXT NYear
PRINT 117,
PRINT 117," HR May Jun Jul Aug Sep Oct Nov Dec
Feb Mar Apr"
PRINT 117, "Minimull of NOF4"
PRINT 117, USING "11111#.1"; RR; MlnNOF4(1); "lnNOF4(2); M1nNOF4(3); HinNOF4(4)i
HinNOF4(5)i "inNOF4(6); MinNOF4(7)i M1nNOF4(8); M1nNOF4(9); MinNOF4(10)i M1nNOF4(11)i
MinNOF4(12)
PRINT #17, "ANOF4 ,. Average of NOF4"
PRINT #17, USING "##11#1.1"; NR; ANOF4(1, HRl; ANOF4(2, NRli ANOF4(J, NR); ANOF4(4,
HR); AMOF4(S, NR)i ANOF4(6, HR)i ANOF4(7, NRI; ANOF4(8, NR); ANOF4(9, NR); ANOF4(10, NR);
ANOF4(1l, HR); ANOF4(12, HRl
PRINT #17, "Maximull. of NOF4"
PRINT #17, USING "#11111.'''; NR; MaleNOF4(1); MaleNOF4(2); MaxNOF4(3); MaxNOF4(5);
MaxNOF4(5); MaxNOF4(6); MaxNOF4(7)i MaxNOF4(8); "axNOF4(9); MaxNOF4(10)i MaxHOF4(11);
MaxNOF4 (12)
PRINT 117, "StdNOF4 ,. Standard Dev. of NOF4"
PRINT #11, USING "###11#.'"; NR; stdNOF4 (I, NR); StdHOF4 (2, HR) i Sta .• ')~4 (). NR);
StdNOF4 (4 , NR); StdHOF4 (5, NR); StdNOF4 (6, NR); StdHOF4 (7, NR); StdNOF4 (8, NR) i StdNOF4 (9,
NR); StdNOF4(10, NR); StdNOF4(11, NR)i StdNOF4(12, NRI
PRINT #17,
PRINT 117, "NEV4 .. Evaporation of Hode 4: Jatiluhur"
PRINT 117,
PRINT 117, " "Year May Jun Jul Aug Sep Oct Nov Dec Jan
Feb Mar Apr"
PRINT 117,
FOR NYear '"' 1 TO NIYear
PRINT 117, USING "1111#1.1"; NYear; NEV4{I, NYear); NEV4(2, NYear)i NEV4(3, NYear);
NEV4 (4, NYear) i NEV4(5, NYear) i NEV4(6, NYear); HEV4(?, NYear); NEV4(B, NYear); NEV4(9,
NYear) i HEV4 (10, NYear); HEV4 (II, "Yearl; HEV4 (12, NYear)
NEXT HYear
PRINT 117,
PRINT 117," HR May Jun .luI Aug Sep Oct Nov Dec Jan
Feb Mar Apr"
PRINT 117, "Minimum of NEV4"
PRINT 117, USING "111111.1"; HR; MinNEV4(1); MinNEV4(2); MinNEV4(); MinNEV4(4);
HinNEV4(5); MinHEV4(6)i MinHEV4(7); MinHEV4(8); HinHEV4(9l; HinHEV4(lO)i HinHEV4(llli
HinHEV4 (12)
PRINT 117, "AREV4 "" Average of HEV4"
PRINT 117, USING "111111.1"; NR; ANEV4(1, NR); ANEV4(2, HH); ANEV4(3, HR); ANEV4(4,
NR); ANEV4(5, NR); ANEV4(6, NR); ANEV4(7, HRl; ANEV4(8, NR); ANEV4(9, NR); ANEV4(lO, HR);
ANEV4 (11, NR); ANEV4 (12, NRl
PRINT 117, "Maximum of HEV4"
PRINT /17, USING "111111.1"; NR; MaxNEV4 (1); MaxNEV4 (21; MaxNEV4(J); HaxNEV4 (5);
MaxNEV4(5); MaxNEV4(6); MaxNEV4(7); MaxNEV4(8)i MaxNEV4(9); MaxNEV4(10); MaxNEV4(1l);
MaxHEV4 (12)
PRINT 117, "StdNEV4 - Standard Dev. of NEV4"
PRINT /17, USING "#11111.1"; HR; StdNEV4(I, NR); StdNEV4(2, HRI; StdNEV4(), HRli
StdJiEV4(4, HRI; StdHEV4(5, HR); StdHEV4(6, HR); StdHEV4(7, HRli StdHEV4(B, HRI; StdHEV4(9,
NR)j StdHEV4(10, NR); StdNF:V4(1l. HR); StdNEV4(12, HR)
PRINT /17,
PRINT 117.
PRINT #17. "Spill4 "" Spill flow of Node 4: Jatiluhur"
PRINT #17,




FOR NYear II: 1 TO NIYear
PRINT 117, USING ""1111.1"; NYear; spi1l4(l, NYear); Spil14 (2, NYear);
spi1l4 (3, NYear); spi1l4 (4, NYear); spill4 (5, HYear); Spill4 (6, NYear); Spill4 (7, NYearl;




PRINT 117," NR Hay Jun Jul Aug Sep Oct Nov Dec Jan
Feb Mar Apr"'
PRINT 117, "KinimWl of spi1l4"
PRINT /17, USING "111111.1"; NR; KinSpi1l4(l); MinSpi1l4{2); MinSpi1l4{31;
MinSpi114 (4); KinSpi114 (5); MinSpill4 (6); Kinspi1l4 (7): Minspill4 (8); KinSpi1l4(91;
Minspi1l4 (10); Minspi!.l4 (11); Minspi1l4 (121
PRINT 117, "Aspil14 :: Average of Spi114"
PRINT #17, USING "",,,,./": HRi ASpi1l4(1, NR); Aspi1l4(2, NR)j ASpi1l4(J, 6R);
Aspil14{4, NR); ASpil14{S, HR); Aspi1l4(6, NR); ASpi1l4{7, HR); Aspi1l4(8, HR); ASpi1l4(9,
HR): ASpi1l4{10, HR); ASpi1l4(ll, HR); ASpill4{l2, HRI
PRINT 117, "Maximum of Spil14"
PRINT 117, USING "111111.1"; NR; Maxspi114 (1); MaxSpil14 (2); MaxSpi114 (3);
MaxSpil14 (51; MaxSpi1l4 (5); MaxSpi1l4 (6); MaxSpi1l4 (7); Maxspi1l4 (8); MaxSpi1l4{91;
MaxSpi1l4 (10); MaxSpi1l4 (11); MaxSpi1l4 (12)
PRINT /17, "StdSpi1l4 = Standard Dev. of Spill4"
PRINT #17, USING "111111.'''; HR; StdSpil14(l. HR); StdSpil14 (2, NR);
StdSpi114(3, NR); StdSpi1l4(4. NR); Stdspil14 (5, HR); StdSpi1l4(6, NR); StdSpi114(7, HR);






PRINT 116. "Agung W.H. SOEHARNO"




PRINT #16. II. output of Jat-Ctr Pr09ratD"Node 4 : J A TIL U H U R"
PRINT 116, "."




PRINT 116, .. JTSUM .. SUlIIJIlary File ot Node": .Jatiluhur"
PRINT 116,
PRINT 116," NYear May .Jun Jul AUf;l Sep Oct Hov Dec Jan
Feb Mar Apr"
PRINT 116, "ANIF4 - Average at HIF4"
PRINT 116, USING "1/1111.1"; NR; ANIF4(l, HR); ANIF4(2. HR); ANIF4(l, HRj; AHIF4(4,
NRl; ANIF4 (5, NR); ANIF4 (6. NRI; ANIF4 (1, HRl; ANIF4 (8, HR); AHIF4 (9, HRl; AHIF4 (10. HRj;
ANIF4(ll, NR); ANIF4(12, NR)
PRINT 116, "ANST4 - Average ot NST4"
PRINT #16, USIHG "111111.1"; NR; AHST4(l, HR); AHST4(2, HRI; ANST4(l, HRI; AHST4(4,
HRj; ANST4(5, HR); AHST" (6. HR); ANST" (1, HR); AHST4(8, HR); ANST4(9, HR); ANST4(10, HR);
ANST" (11. NR); ANST4 (12. HR)
PRINT /16, "ANOF4 - Average at NOF4"
PRINT 116. USING "111111.1"; NR; ANOF4(I, HRI; AN0F4(2, HR); AHOF4(l, HR); AHOF4(4,
NR}; ANOF4(5. NR); ANOF4(6. HR); ANOF4(7, HR); ANOF4(8, HR); ANOF4(9, HRj; ANON(IO, NR};
ANOr4 (11, NR); ANor4 (12, NR)
PRINT 116, "ANEV4 - Average at HEV4"
PRINT 116. USING """".1"; HR; AHEV.' (1, HR); ANEV4(2, HR); AHEV4(l, HRI; AHEV4(4,
NRI; ANEV4(5. NR); ANEV4(6. NR); ANEV4(7, HR); ANEV4(8, HR); ANEV4(9, HR); ANEV4(10. HRJ;
ANEV4(ll, NR); ANEV4(12, Ha)
PRINT 116. "ASpill4 - Averaqe ot Spill4"
PRINT 116. USING "111111.'"; NR; ASpl1l4(1. HR); Aspill4(2. HRI; ASpi1l4(3. NR);
ASpil14(4, NR); Aspil14(5, NRI; ASpil14(6. NR); Aspil14(7, NR); ASpil14(8, NR); ASpil14(9.
HR); ASpi1l4(10, NR); ASpi1l4(l1, HR); ASpill4(12, NR)
ELSE
END IF
WRITE 138. ANIr4(l, NR), ANIF4(2, HR), ANIF4(3, HRl. AHIF4(4, NR), ANIF4(S, HR),
ANIF4 (6, NRI. ANIF4 (7, NR), ANIF4 (8, NRI. ANIF4 (9, NR), ARIF4 (10, NRI, ANIF4 (11, NRI,
ANIF4(12. NR)
WRITE 138, ANST4(I, NR), ANST4(2, NRl, ANST4(3. HR), AHST4(4, NR), ANST4(5, fIR),
ANST4(6, NR). ANST4(7, NR), ANST4(8. NR). ANST4(9, NR), ANST4(lO, HR). ANST4(ll, Hit),
AHST4 (12, HR)
WRITE 138, ANOF4(1, HRI, ANOF4(2, HR), ANOF4(J, HRI, AHOF4(4, HR), ANOf4(5, HR),
AHOF4(6, HR), AN0F4(7, HR), AHOF4(S, HR), AHOF4(9, HR), AHOF4(lO, HR), ANOr4(11, HRI,
ANOF4(12, HR)
WRITE #38, MEV4(1, HR), ANEV4(2, NR), ANEV4(J, HR), AHEV4(4, HRl. AN£V4(S, HRL
ANEV4(6, HR), ANEV4(7, HR), ANEV4(8, HRI, ANEV4(9, HR), ANEV4(lO, HR), ANEV4(1l, HRl,
ANEY4el2, HRl
WRITE #38, ASpill4(l, NR), Aspi1l4(2, HR), ASpill4(J, HR), ASpill4(4, HR),
ASpil14(S, HR), Aspi1l4(6, HRI, ASpil14(7, HRJ, Aspil14(8, HR), ASpil14(9, HR), ASpil14(lO,
HR), ASpi1l4(1l, HR), ASpi1l4(12, HRI
WRITE #38, stdNIF4 (I, HRl, StdNIF4 (2, NRI, StdNIF4 (3, HRl, StdHIF4 (4, NRI,
StdHIF4(5, HR), StdNIF4{6, HRl, StdHIF4(7, HRJ, StdHIF4(8, HR), StdNIF4(9, NR), stdHIF4(lO,
HR), StdNIF4 (11, HRl, StdHIF4 (12, HR)
WRITE #38, StdNST4(1, HRJ, StdNST4(2, HRI, StdNST4(3, HRl, StdNST4(4, NRI,
StdNST4(5, NR), StdHST4(6, HRl, StdHST4P, HRl, StdHST4(8, HRl, StdHST4(9, HR), StdNST4(lO,
NR), StdNST4 (II, HR), StdNST4 (12, HRI
WRITE 138, StdNOF4(l, HR), StdHOF4(2, HR), StdHOF4(3, HRI, StdHOF4(4, HR),
StdNOF4(5, HRJ, StdNOF4(6, HRI, StdHOF4(7, HR), StdNOF4(8, HR), StdHOf4(9, HRl, StdHOf4(lO,
HR), StdHOF4(1l, HR), stdNOf4(12, HRI
WRITE 138, stdNEV4(l, HR), stdHEV4(2, HR), StdHEV4(3, HR), StdHEV4(4, NRl,
StdNEV4 (5, HR), stdNEV4 (6, HRI, StdHEV4 (7, HR), StdHEV4 (8, HR), StdHEV4 (9, HRI, StdHEV4 (10,
NR), StdHEV4(ll, HR), StdNEV4(12, HRI
WRITE #38, StdSpil14(l, HR), StdSpi1l4(2, HRJ, StdSpi114(J, HRJ, StdSpil14(4, HR).
StdSpil14(5, NR). StdSpil14 (6, NR), StdSpil14 (7, HRI, StdSpi1l4 (8, HR), StdSpil14 (9, NRI,
StdSpi1l4 (10, HR), StdSpi1l4 (11, NRI, StdSpi1l4 (12, NRI
RETURN
outstat.calc. test:
FOR NR - 1 TO IReplicate
IF (NR '" 1) THEN
PRINT #17,
PRINT 117," NR May Jun J'ul
Feb Mar Apr"
PRINT 117, "ANIY4 = Average of NIF4"
ELSE
Au. Sep OCt Nov Dec Jan
'17
END IF
PRINT #17, USING "###",.#"; NR; ANIF4(1, NR); ANIF4(2, NRl; ANIF4{J, NR); ANIF4(4,
NR); ANIF4(S, NR); AHIF4(6, NR); ANIF4(7, NFl; ANIF4(8, NR); ANIF4(9, NR); ANIF4(lO, NR);
AHIF4(1l, NRI; ANIF4(12, NR)
NEXT NR
FOR NR '" 1 TO IReplicate
IF CNR ,. 1) THEN
PRINT #17,
PRINT #17," NR Hay Jun Jul
Feb Mar Apr"
PRINT '17, "ANST4 ., Average of NST4"
AU9 Sep Oct Nov Dec Jan
ELSE
END IF
PRINT #17, USING """".,''; HR; ANST4(1, NR); ANST4(2, NR); ANST4(J, NR); ANST4(4,
NR); ANST4(S, HR); ANST4(6, HR); ANST4(7, HR); ANST4(8, HRI; ANST4(9, HR); ANST4(10, NRI;
ANST4 (11, HR); ANST4(12, NR)
NEXT NR
FOR NR = 1 TO IReplicate
IF (NR ... 1) THEN
PRINT 117,
PRINT '17," NR Hay Jun Jul
Feb Mar Apr"
PRINT 117, "ANEV4 ... Average of NEV4"




PRINT 117, USING "",11,.#"; HR; ANEV4(1, NR); ANEV4(2, NRl; ANEV4(J, NR); ANEV4(4,
HR); ANEV4(5, HRI; ANEV4C6, HR); ANEV4(7, HR}; ANEV4(8, HR); ANEV4(9, NR); ANEV4(lO, NR);
AN~4(1l, NR); ANEV4(12, NR)
NEXT NR
FOR NR - 1 TO IReplicate




PR:!'-:- 117, tlAspll14 - Average ot Spil14"
ELSE
END IF
PRINT 117, USING "''''''.1"; HR; Aspil14(1, NRl; '\Spil14(2, NR); ASpi1l4(3, HRI:
Aspil14(4, HR); ASpil14(5, HR); ASpil14(6. NR); ASpil14(7, HR); Aspi1l4(8, HRI; ASpll14(9,








PRINT "5 tat i s tic s . T e _ tOO
PRINT #17. It > St. tis tic s
PRINT 117,
PRINT 117." May Jun Jul Aug Sep
Apr"
PRINT #17,










FOR HR "" 1 TO IReplicate
INPUT 139. ANIF4(l. HH). ANIF4(2. NR). ANIF4(3. HHL ANIF4(4. NR). ANIF4(5. HH).
ANIF4 (6. NH). ANIF4 (7, HR). ANIF4 (8, HH). ANIF4 (9, HR). ANIF4 (10. HRL ANIF4 (11. HR).
ANIF4 (12. NR)
INPUT 139. ANST4(1, HR), AHST4(2, HRI, ANST4(3. HH), ANST4(4. NR). ANST4(S, NR),
ANST4(6, HR), MST4(7. NR), ANST4(8. MR), ANST4(9. NR), ANST4(lO, NRl, ANST4(ll, NR).
MST4 (12, NR)
INPUT 139, ANOF4(l, NR), AHOF4(2, NR), ANOr4(3, NRI, ANOr4(4, HR), ANOF4(5, NR),
AN0F4(6, HR), ANOF4(7, HR), ANOF4(8, Hft), ANOF4(9, NR), ANOF4(lO, Hft), ANOF4(11, NR},
ANOP4(12, NR)
INPUT 139, ANEV4(1, Hft), ANEV4(2, HRI, ANEV4(3, HN). MEV4(4, HR), AH£V4(5, HN),
ANEV4(6, NR), ANEV4(1, NR), ANEV4(8, Mft), ANEV4(9, NR), ANEV4(lO, MR), ANEV4(11, HR),
ANEV4(12, NR)
INPUT #39, ASpi1l4(l, NH), Aspil14(2, NR), ASpi1l4(3. HH), ASpi1l4(4. HR).
ASpi1l4(S, NR), ASpil14(6, HR), ASpi1l4(7, NH), ASpi1l4(8, NR), ASpi1l4(9, NHI, ASpi1l4(10,
NR), ASpi1l4(1l. NR), ASpil14(12, NR)
IHPUT 139, StdNIF4 (I, HRl, StdNIF4 (2, NR), StdNIF4 (3, HR), StdHIF4 (4, HRI,
StdNIF4(5, NR), :::tdHIF4(6. NR), StdNIF4(7. HR), StdNIF4(8, NR), StdNIF4(9. NR), StdNIF4(10.
HR), StdNIF4 (11, f{Rl, StdNIF4 (12. NR)
INPUT #39. StdNST4(l, NHl, StdNST4(2. NRI. StdHST4(J, HN), StdNST4(4, HR),
stdNST4 (5, HR), stdNST4 (6, NR). StdNST4 (7. HR), stdNST4 (8, HR), StdNST4 (9, NHI, StdNST4 (10,
HRI, StdHST4 (11. HR), StdHST4 (12, NR)
INPUT 139. StdNOF4(l, NR), StdNOF4{2. NR). StdNOF4(), HR), StdHOF4(4, HR),
StdNOF4(5, NR). StdNOF4(6. Nft), StdNOF4(7. HR), stdNOF4(8. HR), StdNOF4(9, HR). StdNOF4(lO.
HR), stdNOF4 (11, HR), StdHOF4 (12. HR)
INPUT 139. StdNEV4(1, HR), StdN£V4(2. HRJ, StdNEV4(3, HR), StdNEV4(4, NR).
StdNEV4 (5, Nft). StdNEV4 (6, HR), StdHE:V4 (7. NR), StdNE:V4 (8, HR). StdH[V4 (9, NR), StdHEV4 (10,
NR). stdHE:V4 (11, HN), StdNEV4 (12, NR)
INPUT 139, St....:Opi1l4(1. NR). StdSpi1l4(2. NR). 5tdSpi1l4(), NR), stdspil14(4, HR),
StdSpi1l4(S. HR). Stdspi114(6, HR), StdSpil14(7, HR), stdspil14(8, HR), StdSpi1l4(9, HR),
Stdspi114 (10, HR). StdSpll14 (11, NR). StdSpi1l4 (12. NR)
NEXT NR
RETURN
, ------------------------------ AvgAvg. Calc
240
AvgAvq.Calc:
DIM SANIF4 (12), SStdNIF4 (12), MHIF4 (12), AStdNIF4 (12), SANST4(12). SStdNST4 (12)
DIM AAHST4(12}, AStdNST4(12). SANOF4(12). SStdNOF4(12), AANOF4(l2), AStdNOF4(l2)
DIM SANEV4(12) , SStdNEV4(12), AANEV4(12), AStdNEV4(12) , SASpi114(12) , SStdSpll14(12)
DIM AAspi1l4(12) , AStdSpi1l4(12)
,---------- Averilge ot NEV4
FOR Month - 1 TO 12
SANIF4 (Month) - 0
SStdHIF4 (Month) - 0
SANST4 (Month) - 0
sstdNST4 (Month) - 0
SANOF4 (Month) - 0
SStdNOF4 (Month) - 0
SANEV4 (Month) - 0
SStdUEV4 (Month) - 0
SASpi1l4 (Month) - 0
SStdSpil14 (Month) - 0
NEXT Month
FOR Month - 1 TO 12
FOR HR - 1 TO IReplicate
SANIF4 (Month) - SAHIF4 (Month) + .\NIF4 (Month, NR)
SStdNIF4 (Month) - SStdHIF4 (Month) + StdNIF4 (Month, NR)
SANST4(Month) _ SANST4(Honth) + ANST4(Honth. NR)
SStdNST4(Month) - SStdHST4(Month) + StdNST4(Month, HR)
SANOF4 (Month) - SANDF4 (Month) + ANDF4 (Month. NR)
SStdNDF4 (Month) _ SStdNOF4 (Month) + StdNDF4 (Month, NR)
SANEV4 (Month) • SANEV4 (Month) + .\NEV4 (Month. NR)
SStdNEV4 (Month) • SStdNEV4 (Month) + StdNEV4 (Month, NR)
SASpil14 (Month) • SASpil14(Month) + ASpi1l4 (Month, NR)
SStdSpi114 (Month) • SStdSpil14 (Month) + StdSpi1l4 (Month, NR)
NEXT NR
NEXT Month
.. ' •· __·.--..--.,..r.,......,.,......~.,.·~ .......,...,...~
OANIF4S(Mollth) - (ANIF4 (Month, tlR) - MHIF4 (Month») .. 2
SDANIF4S(Honth) • SDANIF4S(Month) + OANIF4S(Month)
DStdNIF4S(Honth) • (StdNIF4 (Month, NR) - AstdNIF4 (Month) .. 2
SDstdNIF4S(Month) - SOStdNIF4S(Honth) + OStdNIF4S(Honth)
DANST4S(Month) - (ANST4(Honth, tlRI - AANST4(Honth)I .. 2
SDANST4S(Month) - SDANST4S(Honth) + OANST4S(Month)
OstdNsT4S(Honth) - (StdNST4 (Month, NR) - AStdNST4 (Month}) .. 2
SDStdNST4S(Month) - SDStdNST4S(Month) + DStdNST4SIMonth)
DANOF4S(Month) - (ANOP4(Month, NR) - AANOP4{Month) I .. 2
SDANOF4S(Month) - SOANOF4S(Month) + OANOP4S(Month)
DStdNOF4S (Month) - (StdNOF4 (Month, NR) - AStdNOF4 (Month)) " 2
SDStdNOF4S(Month) - SDStdNOF4S(Honth) + DStdNOF'4S(Month)
DA.HEV4S(Month) .. (ANEV4 (Month, NR) - MNEV4 (Month)) .. 2
SDANEV4S(Monthl • SDANEV4S(Month) + DANEV4S(Honth)
DStdNEV4S(Honth) • (StdNEV4 (Month, HRI - AStdNEV4 (Honth))
SDStdNEV4S(Month) - SDStdNEV4S(Month) + DStdNEV4S(Honth)
DASpi1l4S(Month) - (ASpi1l4(Month, NR) - AAspil14(Honth»)
SOASpi1l4S (Month) _ SDASpil14S (Month) + DASpiH4S(Honth)
DStdSpil14S(Month) - (StdSpi1l4 (Month, NR) - AStdSpil14 (Month)





DIM VANIF4 (12), StdANIF4 (12), VStdNIF4 (12), StdStdNIF4 (12), VANST4 (12), StdANST4 (12)
DIM VSt.dNST4 (121, StdStdNST4 (12), VANOF4 (12), StdANOF4 (12), VStdNOF4 (12). StdStdNOF4 (12)
DIM V.ANEV4(12), StdANEV4(12), VStdNEV4(12), StdStdNEV4(12), VASpil14(12). StdASpi1l4(l2)
DIM VStdSpi114 (12), St.dStdSpi1l4 (12)
FOR Month - 1 TO 12
VANIF4 (Month) - SDANIF4S(Month) I (IR.plicate - 1)
StdANIF4 (Month) - (VANIF4 (Month) " .5
VStdNIF4 (Month) _ SDStdNIF4S(Honth) I (IRepliclllte - 1)
:i!4J
FOR Month .. 1 TO 12
AAHIF4 (Month) - SAHIF4 (Month) I IReplicate
AStdNIF4 (Month) co SStdNIF4 (Month) I IReplicate
AANST4 (Month) - SANST4 (Month) I IReplicate
AStdNST4 (Month) - SStdNST4 (Month) I IReplicate
AANOF4 (Month) '" SANOF4 (Month) / IReplicate
AStdNOF4 (Month) = SStdNOF4 (Month) I IReplicate
AANEV4 (Month) = SANEV4 (Month) I IReplicate
AStdNEV4 (Month) = SStdNEV4 (Month) I IReplicate
AASpi1l4 (Month) = SASpi1l4 (Month) I IReplicate
AStdSpi1l4 (Month) '" SStdSpil14 (Month) I IReplicate
NEXT Month
RETURN
• ------------------------------sumation of Sumation
SumSum.Calc:
DIM SDANIF4S(12). SDStdNIF4S(12). DANIF4S(12), DStdNIF4S (12), SDANST4S(12). SDStdNST4S( 12)
DIM DANST4S(12). DStdNST4S(12). SDANOF4S(12), SDStdNOF4S{12), DANOF4S{12). DStdNOt'4S( 12)
DIM SDANEV4S(12), SDStdNEV4S(12). DANEV4S(12). DStdNEV4S(12). SDASpi114S(12)
DIM SDstdSpil14S(12). DASpi1l4S(12). DStdspi1l4S(12)
FOR Month - 1 TO 12
SDANIF4S(Month) = 0
SDStdNIF4S (Month) • 0
SDANST4S(Month) ... 0
SDStdNST4S (Month) = 0
SDANOF4S(Month) zz 0
SDstdNOF4S (Month) "" 0
SOANEV4S(Month) '" 0
SDStdNEV4S (Month) - a
SDASpi1l4S(Month) c: 0
SDStdSpi1l4S (Month) - 0
NEXT Month
FOR Month .. 1 TO 12
FOR NR = 1 TO IReplicate
StdStdNIF4 (Month) = (VStdNIF4 (Month») A .5
VANST4(Konth) = SDANST4S(Month) I (IReplicat:e - 1)
StdANST4 (Month) = (VANST4 (Month) A .5
VStdNST4 (Month) = SDStdNST4S(Month) I (IReplicate - 1)
StdStdNST4(Month) = (VStdNST4(Honth) A .5
VANOF4 (Month) "" SDANOF4S (Month') I (Ilteplicate - 1)
StdlUiOF4 (Month) .. (VANOF4 (Month)) A .5
VStdNOF4 (Month) = SDStdNOF4S(Month) I (IReplicate - 1)
StdStdNOF4(Month) .. (VStdNOF4(Month) A .5
VANEY4 (Month) = S[)ANEV4S (Month) I (IReplicate - 1)
StdANEV4 (Month) = (VA,~EV4 (Month») A .5
VStdNEV4 (Month) = SDStdNEV4S(Honth) I (raeplicate - 1)
StdStdNEV4 (Month) .. (VStdNEV4 (Month» A .5
VASpi1l4 (Month) = SDASpi1l4S(Month) I (IReplicate - 1)
StdASpil14{Month) _ (VASpil14(Month») A .5
VStdSpi114{Month) .. SDStdSpi1l4S{Month) I (IReplicate - 1)





PRINT 117, "AANIF4 .. It
PRINT 117, USING "11111#.1"; AANIF4(1); AANIF4(2); AANIF4(3); AANIF4(4); AAN!F4(S);
AANIF4(6); AANIF4(7); AANIF4(a); AANIF4(9); AANIF4(lO); AANIF4(1l); AANIF4(12)
PRINT #17, "AStdNIF4 =1.
PRINT #17, USING "##1###.#1'; AStdNIF4(1); AStdNIF4(2); AStdNIF4(); AStdNfF4(4);
AstdNIF4(5}; AStdNIF4{6}; AStdNIF4(7); AStdNIF4(8); AStdNIF4(9); l\St:dNIl-·4(lO); AStdNIF4(11);
AStdNIF4 (12)
PRINT 117, tlAANST4 = "
PRINT 117, USING "111111.1"; AANST4(l); AANST4{2); AANST4(); AANST4{4): AANST4(~I;
AANST4(6): AANST4(1)i AANST4(8): AANST4(9); AAHST4(lO): AAHST4(1l); AANST4(12)
PRINT /17, "AStdNST4 -"
PRINT #17, USING "111111.1": AStdNST4(1): AStdNST4(2): AStdHST4(3): AStdHS1'4(4):
AstaHST4(5); AStdNST4(6): AStdNST4(1)i AStdNST4(B); AStdNST4(9): AStdNST4(10): AStdNST4(1l)i
AStdNST4 (12)
PRINT /17, "AANOF4 ... "
PRINT /17, USING "11"",/"; AANOF4(1); AANOF4(2): AANOF4(3): AANOF4(4)i AANO"'4(~):
AANOF4(6): AANOF4(7)i AANOF4(8): AANOF4(9): AANOF4(10); AANOfo'4(1l): AANOf4(12)
PRINT /17, "AS~dNOF4 ."
PRIHT 117, USIHG ""1111.1": AStdNOF4(1)i AStdNOF4(2)i AStdNOF4()i AStdNO"'4(4):
AStdNOF4(5Ii ASt:dNOF4(6)i AStdNOF4(11: AStdNOF4(B)i AStdHOF4(9): ....StdNOF4(10)i AStdHOt'4(11):
AStdHOF4 (12)
PRINT /17, "AANEV4 • It
PRINT 117, USING "111111.1": AAN£V4(l); AANEV4(2): AANEV4(): AANEV4(4'): AANEV4(!»):
AANEV4(6)j AANEV4(1); AANEV4(8): AANEV4(9): AANEV4(IC): AANEV4(11): AANI::V4(12)
PRINT '17, "AStdNEV4 -"
PRINT /17, USING "111111.1": AStdNEV4(1): AStdNEV4(2): AStdNEV4(3): AStdNI::V4(4):
AStdNEV4 (5) : AStdNEV4 (6); AStdNEV4 (7) ; AStdNEV4 (8) ; AStdNEV4 (9 I; AStdNEV4 (] 0); AStdNEV4 (11) ;
AStdNEV4 (12)
PRINT 117, "AASpil14 • "
PRINT '17, USING """,1.1": AAspi1l4(1); AAspi1l4(2): AASpi1l4(); AASpil14(4);
AASpil14 (5) ; AASpi1l4 (6) : AASpil14 (1) ; AASpll14 (8); AASpil14 (9) : AASpill4 (10) : AASp! 114 111) ;
.u.Spi1l4(12)
PRINT 117, "AStdSplll4 ."
PRINT #17, USING "111111.1": AStdSpi1l4 (1) : AStdSpi 114 (2) ; AStdSpi 114 ()) : AStdSpi I 14 (4) i
AStdSpi114(S): AStdSpi1l4(6)i AStdSpll14(7); AStdSpi1l4(8); AStdSpil14(!:I); AStdSpiI1411U):
AStdSpi1l4 (11) i AStdSpi1l4 (12)
PRINT 117, "StdAHIF4 ...
PRINT 117, USING ""'11'.''': StdANIf4(1): StdANIF4(2); StdANH'4(J); StdANI"'4(4)i
StdANIF4(S)i StdANIF4(6)i StdANIF4(7)i StdANIF4(8); StdANIF4(9): StdAUJF4(lU); StdAtIU'4111);
StdANIF4112)
PRINT 117, "StdStdNIP4 • "
PRINT 117, USING "111111. I"; StdStdNIF4 (1) ; StdStdNIF4 (2); StdStdNIF4 (); StdStdNIF4 (4);
StdStdNIF4 (5); StdStdNIF4 (6); StdStdNIF4 (7); StdStdN!f'4 (8); StdStdN!F4 (9); StdStdHIF4 (10) ;
StdStdNIF4(1l); StdStdNtF4(l2)
PRINT #17, "Std.\NST4 - "
PRINT 117, USING "111111.1"; StdAHST4(1); StdAHST4(2); StdANST4(J); StdANST4(4);
StdANST4 (5); StdAHST4 (6); StdANST4 (7); StdANST4 (8); StdANST4 (9) ; StdANST4 (10); StdAHST4 (11);
StdAHST4 (12)
PRINT 117, "StdStdNST4 • "
PRINT 117, USING ·"'111.1"; StdStdNST4 (1) ; StdStdHST4 (2) ; StdStdNST4 ()) ; StdStdNST4 (4) ;
StdStdNST4 (5); StdStdNST4 (6); StdStdNST4 (7); StdStdNST4 (8); StdStdHST4 (9); StdStdNST4 (10) ;
StdStdNST4 (1.1); StdStdNST4 (12)
PRINT 117, "StdANOF4 - "
PRINT #17, USING "111111.1"; StdANOF< (1); StdANOF4 (2); StdANOF4 (J); StdANOF4(4);
StdANOF4(5); StdANOF4(6); StdANOF4(1); StdANOF4(8); StdANOF4(9); StdANOfo'4{IO); StdANOfo'4(ll};
StdANOF4 (12)
PRINT 117, "StdStdNOF4 .. "
PRINT 117, USING "111111.1" i StdStdNOF4 (1); StdStdNOF4 (2) ; StdStdNO~'4 (J) ; StdStdNOF4 (4) ;
StdStdNOF4 (5); StdStdNOF4 (6); StdStdNOF4 (7); StdStdNOF4(8); StdStdNOF4 (9); StdStdNOF4 (10);
StdStdNOF4(1.1); StdStdNOF4(12)
PRINT 117, "StdANEV4 .. "
PRINT 117, USING "111111.1"; StdANEV4 (1); StdANEV4 (2); StdANEV4 (J); StdANI::V4 (4) i
StdANEV4(5); StdANEV4(6); StdANEV4(7); StdAN£V4(8); StdANEV4(9); StdANEV4(lO); StdAN£V4(11);
StdANEV4 (12)
PRINT 117, "StdStdNEV4 ....
PRINT 117, USING """11.1"; StdStdN£V4 (1); StdStdNEV4 (2); StdStdN£V4 (); StdStdN£V4 (4);
StdStdNEV4 (5); StdStdNEV4 (6); StdStdNEV4 (7); StdStdNEV4 (8); StdStdNEV4 (9); StdStdNEV4 (10);
StdStdNEV4 (11); stdStdNEV4 (12)
PRINT 117, "stdASpi1l4 .. "
PRINT 117, USING ·'11111.1"; StdASpi1l4 (1) ; StdASpi 114 (2); StdASpi1l4 (3); StdASpi 114 (4);
stdASpil14 (5); StdASpi1l4 (6); StdASpill4 (7); StdASpi1l4 (8); StdASpil14 (9); StdASpi 114 (10);
StdASpi1l4(1l); StdASpil14(12)
PRINT 117, "StdStdSpi1l4 - "
PRINT 117, USING "111111.1"; StdStdSpil14(1); StdStdSpiI14(2); StdStdSpiI14();
StdStdspi1l4 (4) ; StdStdSpi1l4 (5) ; StdStdSpi 114 (6) ; StdStdSpi1l4 (7) ; StdStdSpi1l4 (8) ,:
StdStdSpil14 (9); StdStdSpi1l4 (10); StdStdSpil14 (11); StdStdSpil14 (12)
PRINT 116,
PRINT 116,
PRINT #lb, "Agung W.H. SOEHARNO"
PRINT 116, DATES, TIME$
..*********.*.***.********.*****••************.*.~.*.*!"****.~*....~•••*.~*•••~ .....: ....*...~ .... *:,
PRINT #16, It. Output of AJat-Ctr Program"
PRINT 116, "- Node 4 : .:r A TIL U H U R"
PRINT 116, "."
PRINT #16, ,,-----------------------> Statistics.Test "
PRINT/la,
11 •••• __••••••• _ ••••••• _ ••••••• _ •••*••••• "'•••••*••"'''' ••• "' •••••"'*."'••••••••••••••• *."'.********"
Mar
PRINT 116,
PRINT '16, " Hay
Ap,:,"
PRINT #16,
Jun Jul Aug Sep
PRINT #16, "AANIF4 ... "
PRINT 116, USING "1"'".1"; AANIF4(1); AANIF4(2); AANIF4(3); AAtHP4(4); AANIF4(5);
AANIF4 (6); AANIF4 (7); AANIF4 (8); AANIF4 (9); AANIF4 (10); AANIF4 (11); AANIF4 (12)
PRINT #16, "AANST4 '" "
PRINT /16, USING "111111.1"; AANST4(1); AANST4(2); AANST4(J); AANST4(4); AANST4(5);
AANST4(6); AANST4(7); AANST4(8); AANST4(9); AANST4(l0); AANST4(1l); AANS'r4(12)
PRINT /16, "AANOF4 ,. "
PRINT /16, USING "111111.'11; AANOF4(l); AANOF4(2); AANOF4(J); AANOF4(4); AANOF4(5);
AAH0F4(6); AANOF4(7); AANOF4(8); AANOF4(9); AANOF4(10); AANOF4(1l); AANOF4(12)
PRINT /16, "AANEV4 '" ..
PRINT /16, USING "1111#1.1"; AANEV4(l); AANEV4(2); AANEV4(J); AANEV4(4); AANEV4(5);
AANEV4 (6); AAHEV4 (7); AANEV4 (8); AANEV4 (9); AANEV4 (10); AANEV4 (11); AANEV4 (12)
PRINT 116, "AASpi1l4 '" "
PRINT 116, USING "111111.1"; AASpil14(1); AASpi1l4(2); AASpil14(3); AASpi1l4(4);
AASpi1l4 (5); AASpi1l4 (Ei); AASpi1l4 (7); AASpi1l4 (8); AASpi1l4 (9); AASpi1l4 (IO); AASpi 114 (11);
AASpill'(l2)
PRINT #17, " The P~og~am AJat-Ct~ is finish."
PRINT 116, " The Program AJat-Ctr is finish."
"0




,****** ****** *** **. ***. *** ***.*•••*•••*.*••••••••*•••**••••*••*•• *•••
'LEG2 - energy produced by hydropower Node 2: the Saguling Hydropower Pl"nt
, LEG3 - energy produced by hydropower Node :1; the Cirata Hydropower Plant
, LEG4 - enerqy produced by hydropower Hode 4; the Jatiluhur Hydropower Plant
'TE - total energy of the Citarum Hydropower System
'NR - nmabel' of replications
'NYear - nUID.bel' ot' year
'Month - number ot month
, Avq - average
'Kin - minimum
'Kax - maximum










PRINT "Be Patient Please !!!"
GOSUB Initialization
FOR NR .. 1 TO IReplicate
GOSUB Statistics.Calc
IF IReplicate .. 1 THEN
CLS






PRINT 17. "Total Hydro Electric Power Within Year (TAATE) - ";
1.00 GOSUa Wrap. Up
LOCATE 15. 10







OPEN "c: \data\NRepLdat" FOR INPUT AS III 'number ot replication, year and Ilonths
INPUT Ill, IMonth, NIYear, IReplicate
CLOSE 111
DIM E2 (60), E3 (60), E4 (60), ET(60) , TALEG2 (100), TALEG3 (100), TALEG4 (100), TATE (l 0)
DIM Blank AS STRING, TlaeSTEp AS STRING, Replicate AS STRING, KSTEpO AS INTEGER
DIM MHTE(12), SHTE(12), LEC2(12, 60), LEG3{12, 60), LEG4(12, 60), TE(n, 60)
DIM LEnergy2(12, 720), LEnergyJ(12, 720), LEnergy4(12, 720)
DIM Mln(IHonth), HaX(IHonth), MlnLEG2 (IHonth), HaxLEG2 (IMonth), HinLEC3 (IHonth),
HaxLEGJ (IMonth)
DIM HinLEG4 (IHonth) , MaxLEG4 (IMonth) , MinTE(IMonth), MaxTE(IMonth) , SLEG2 (IMonth, IRepl1cate)
DIM ALEG2 (IHonth, IReplieate), SDLEG2S(IMonth, IRepUcate), VLEG2 (IMonth. [Replicate)
DIM StdLEG2 (IMonth, IReplicate), DLEG2S(IMonth, IRepliclitel, SLEGl (lMonth, lReplicatel
DIM ALEG3 (IMonth, IReplicate), SDLEGJS(IMonth, IRepllcate), VLEGJ (IMonth, IReplleate)
DIM StdLEG3{1Month, IReplieate), DLEc.JS(IMonth, IReplicatel, SLEG4 (IHonth, IReplLcatel
DIM ALEG4(IHonth, IReplicat.), SD:'C:C4S(IHonth, IReplicate), VLEG4(IHonth, [Replicate)
DIM StdLEG4(IMonth, IReplicate), DLEG4S(IMonth, IReplicate), STE(IHonth, IReplicate)
DIM ATE(IMonth, IReplicate), SDTES(IMonth, IReplicate), VTE(IMonth, IReplicate)
DIM stdTE(IMonth, IReplicate), DTES (IHonth, IReplicate)
OPEN "c:\sag\SagInp2.out" FOR INPUT AS 12 ' input file troll Saguling simulation
OP!:N "c:\cir\CirInp2.out" FOR INPUT AS 13 ' input file frOIl Cirata simulation
OPEN "c:\jat\JatInp2.out" FOR INPUT AS 14 ' input tile troll Jatiluhur simulation
OPEN "C:\e<Jy\EStat.out" FOR OUTPUT AS 17 'output ot Btat.calc
OPEN "c:\egy\EInputJ.dat" FOR OUTPUT AS 18 'input-output file
a$ - "1111 111111.11 111111.11 111111.11"
OP!:N "c \egy\Elnput2.dat" FOR OUTPUT AS 15 'input-output file
OPEN "c \sU&\!:SUM.OUT" FOR OUTPUT AS 116 'sugary output
OPEN "e \EGY\ESagY.out" FOR OUTPUT AS 141 'annual ene["gy of the Saguling Plant
OPEN "c \EGY\ECirY.out" FOR OUTPUT AS 142 'annual energy of the cirata Plant
OPEH "c \EGY\EJau.out" FOR OUTPUT AS 143 'annual energy of the Jatiluhur Plant












FOR N D 1 TO NIYear
FOR Month - 1. TO 1.2
INPUT #2, LEG2(Month, N)
£2 (NI =. E2 (N) + LEG2 (Month, N)
INPUT #3, LEG3(Month, N)
E3 (N) - E3 (N) + LEG3 (Month, N)
INPUT #4. LEG4 (Month, 1<1
E4 (N) _ E4 (N) + LEG4 (Month, N)
NEXT Month
ET(N) - E2(N) + E3(N) + E4(N)
WRITE #41, £2 CN)
WRITE '42, E3 (NI
WRITE '43, E4 (N)
WRITE #44, ETCN)
NEXT N
FOR HYtlar "" I TO NIYear
FOR Month ;;: 1 TO 12












, ------------------ Max and Min
MaxMin.Calc:
FOR Month '" 1 TO 12
MinLEG2 (Month) ... 1000000
MaxLEG2 (Month) • 0
MinLEG3 (Month) = 1000000
MaxLEG3 (Month) = 0
MinLEG4 (Month) - 1000000




FOR Month z= 1 TO 12
FOR NYear - 1 TO NIYear
IF LEG2(Konth, NYear) < MinLEG2(Konth) THEN
MinLEG2 (Month) z= LEG2 (Month, NYear)
ELSE
END IF
IF LEG2 (Month, NYear) > MaxLEG2 (Month) THEN
MaxLEG2 (Month) - LEG2 (Month, NYear)
ELSE
END IF
IF LEG3(Month, N'iearl < HinLEG3(Month) THEN




IF LEG3 (Honth, NYear) > MaxLEGJ (Month) THEN
MaxLEGJ (Month) .. LEGJ (Month, NYear)
ELSE
END IF
IF LEG4(Honth, NYear) < HinLEG4(Honth)
MinLEG4 (Month) '" LEG4 (Month, NYear)
ELSE
END IF
IF LEG4 (Month, NYear) > HaxLEG4 (Month) THEN
HaxLEG4 (Month) "" LEG4 (Month, NYear)
ELSE
END IF
IF TE(Month, N'{ear) < HinTE(Month) THEN
MinTE(Month) '" TE(Month, NYear)
ELSE
END IF
IF TE(Month, NYear) > HaxTE(Honth) THEN






, ------------------------------ Avq. calc
Avq.Calc:
, ---------- Average of TE
FOR Month ..., 1 TO 12
SLEG2 (Month, NR) "" 0
StEG3 (Honth. NR) :: 0
SLEG4 (Month, NR) - 0
sTE(Honth, NR) ... 0
NEXT Month
FOR NYear ~ 1 TO NIYear
FOR Month "" 1 TO 12
SLEG2 (Month, HR) .. SLEG2 (Month, NR) of- LEG2 (Month, NYear)
SLEG3(Month, HR) - SLEG3(Month, HR) + LEG3(Honth, NYear)
SLEG4 (Month, HR) - SLEG4 (Month, HR) + LEG. (Month, NYear)
STE(Month, NR} • STE(Month, HRJ + TE(Honth, NYear)
NEXT Month
NEXT HYear
TALEG2 (NR) .. 0
TALEG3 (HR) - 0
TALEG4 (NR) .. 0
FOR Month .. L TO L2
ALEG2 (Month, HR) - SLEG2 (Month, ~IR) I HIYear
TALEG2(NR) .. TALEG2(NR) + ALEG2{Month, NRl
ALEG3(Honth, NR) .. SLEG3(Honth, NR) I NIYear
TALEG3 (NR) .. TALEG3 (HR) + ALEGJ (Month, HR)
ALEG4 (Month, HR) - SLEG4 (Month, HR) I NI'iear
TALEG4 (NRj .. TALEG4 (NR) -+ ALEG4 (Month, NR)




FOR Month .. 1 TO 12
SDLEG2S(Month, HR) .. 0
SDLEGJS(Month, HR) .. 0
SDLEG4S(Month, HR) .. 0
SDTES(Honth, HR) .. 0
NEXT Month
~.,'l
FOR NYear - 1 TO NIYear
FOR Month ~ 1 TO 12
DLEG2S(Month, NR) ,. (LEG2 (Month, NYear) - ALEG2(Month, NR»
SDLEG2S(Month, NRJ = SDLEG2S(Month, NR) + DLEG2S(Month. NR)
DLEG3S(Month. HR) - (LEG3 (Month, NYear) - ALEG3(Month, HK))
SDLEGJS(Month, HR) - SDLEG3S(Month, HR) + DLEG3S(Month, HR)
DLEG4S(Month, NR) = (LEG4(Honth, NYear) - ALEG4(Month, NRJ) " 2
SDLEG4S(Month, NRJ = SDLEG4S(Month, HR) + DLEG4S(Honth. NRJ
DTES(Honth. NR) - (TE(Month, HYear) - ATE(Month. HR»




, ----------------------------- - --StdTE
Std.Clllc:
FOR Month "" 1 TO 12
VLEG2(Month, NR) .. SDLEG2S(Month, NRJ I (NHear - 1)
stdLEG2(Month, HRI _ (VLEG2(Konth, HR) ~ .5
VLEG3(Honth, HR) = SDLEG3S(Month, HR) I (HIYear - 1)
stdLEG3(Honth, NRj .. (VLEG3(Honth, NRj) " .5
VLEG4(Honth, NR) .. SDLEG4S(Month, NR) I (NIYear - 1)
StdLEG4{Honth. NRI - (VLEG4{Month, PR») " .5
VTE(Month, HH) = SDTES(Month, NR) I (Nnear - 1)




ATE1 = ATE(!, NR)
ATE2 _ ATE(2. HR)
ATE3 - ATE(3, HR)
ATE4 '" ATi::(4, NRI
ATES - ATE(S, NR)
ATE6 - ATE(6. HR)
2S6
ATE7 = ATE (7 , NR)
ATEa '" ATE(S, HR)
ATE9 - ATEI9, NR)
ATE10 .. ATE (10, NR)
ATEll '" ATE (11, NR)
ATEl2 = ATE(12, NR)
TATE = ATEl + ATE2 + ATE) + ATE4 + ATE5 + ATE6 + ATE7 + ATE8 + ATE9 + ATE10 +
ATEll + ATEl2
IF (NR ""' NRTest) THEN
PRINT 17,
PRINT '7,
PRINT 17, "Agung W.H. SOEHARNo"
PRINT 17, DATE$
" ~ ~ ~ : ; ! Z...•••:.
PRINT 17, Output of Egy-Ctr Program"
PRINT 17, "."
PRINT 17, ,,-----------------------> Stat.Calc - Replicate no. ", NR
" ; ~ ~ : : ! Z "'••:.
PRINT 17,
PRINT 17, " LEG2 .. Energy of Link 2: saguling Hydro Electric Power"
PRINT 17,
PRINT 17," N¥el1r May Jun Jul Aug Sep Oct Nov
Feb Mar Apr"
PRINT #7,
FOR NYear = I TO NIYear
PRINT '7, USIUG "11111.1"; NYear; LEG2{1, NYear); LEG2{2, "'Year); LEG2{3. NYear);
LEG2(4, NYear); LEG2(5, NYear); LEG2(6, NYear); LEG2(7. NYear); LEG2(8. N'lear); LEG2{9.
NYear); LEG2(lO, NYear); LEG2(ll, NYear): LEG2(12, NYear)
NEXT NYear
PRINT 17.
PRINT '7," NR May Jun Jul Aug Sep oct Nov
257
Feb Mar Apr"
PRINT #7, "Minimum of LEGZ"
PRINT #7, USING ",,###.#"; NR; MinLEGZ(l); MinLEGZ(2); MinLEG2(3)i MinLEG2(4);
:t~~~~~g~; MinLEGZ(6); MinLEG2(7); MinLEG2(8); MinLEG2(9); MinLEG2(lO); MinLEG2(1l);
PRINT #7, "ALEG2 = Average of LEG2"
PRINT #7, USING "#"11.#"; HR; ALEG2(l, NR); ALEG2(2, NR); ALEG2(3, NR); ALEG2(4,
NR); ALEG2(s, NR); ALEG2(6, NR); ALEG2(7, NR); ALEG2(8, NR); ALEG2(9, NR); ALEG2(lO. NRI;
r~EG2(11, NR); ALEG2(12, NR)
PRINT 17, "naximum of LEG2"
PRINT #7, USING "#1###.1"; HR; MaxLEG2(1); MaxLEG2(2); MaxLEG2(3); HaXLEG2(s);
Ma>rLEG2(s); MaxLEG2(6); MaxLEG2(7); HaxLEG2(8); MaxLEG2(9); MaxLEG2(lO); MaxLEG2(lI);
:faxLEG2 (12)
PRINT 17, "StdLEG2 = Standard Dev. of LEG2"
PRI~T 17, USIN~ "11111.'"; NR; StdLEG2(I. NR); StdLEG2{2, tIR); StdLEG2(3. tiR);
stdLEG2(4, NR); StdLEG2{s, NR); StdLEG2(6, NR); StdLEG2(7, NR); StdLEG2(8, NR); StdLEG2(9,
NR); StdLEG2(lO, NR); StdLEG2(U, NR); StdLEG2(12, NR)
PRINT 17,
PRINT #7, " LEG3 - Energy ot Link 3: Cirata Hydro Electric Power"
PRINT 17,
PRINT 17," NYear Ha}/ Jun Jul Aug Sep Oct Nov Dec Jan
Feb Mar Apr"
PRINT 17,
FOR NYear =z 1 TO NIYear
PRINT '7, USING "';"".1"; NYear; LEG3(l, NYear); LEG3(2, NYear); LEG3 (3 , NYear);
LEG3(4, NYear); LEG3(s, NYear'; LEG3(6, NYear); LEG3(7, NYear); LEGJ(8, NYear); LEGJ{9.
Nyearl; L£G3(10, NYear) j LEG3(l1, NYearl; LEG3(12, Nyear)
NEXT NYear
PRINT 17,
PRINT 17," NR Hay Jun Jul Aug Sep Oct Nov Dec Jan
Feb Mar Apr"
PRINT #7, "Minimum of LEG3"
PRINT 17, USING "##111.1"; HR; MinLEG3 (1); HinLEG3 (2); HinLEG3 (3); HinLEGJ (4);
MinLEG3(s}i MinLEG3(6); MinLEG3(7); MinLEG3(8); MinLEG3(9); MinLEG3(lO); MinLEG3(11);
MinLEG3 (12)
PRINT #7, "ALEG3 - Average of LEG3"
PRINT 11, USING "11111.1"; NR; ALEG3(l, NR)j ALEG3(2, NR); ALEG3p, HR); ALEGJ(4,
HR); ALEG3(5, HR); ALEG3(6, HR); ALEGJ(1, HRI; ALEGJ(8, NR); ALEG3(9, HRI; ALEGJ(lO, NR);
ALEGJ(ll, HR); ALEGJ(12, HRI
PRINT 17, "Maximum of LEG3"
llRINT 11, USING "11111.1"; NR; MaxLEGJ(l); HaxLEG3(2); MaxLECJ(J)i MaxLECJ(SI;
MaxLEGJ (5}; MaxLEGJ (6); MaxLEGJ (1); MlixLEGJ (8); MaxLEG3 (9); MaxLEG3 (10); MlixLEG3 (111 ;
MaxLEG3(12)
PRINT ", "stdLEGJ - Standard Dev. ot LEG3"
PRINT #7, USING "11111.'''; HR; StdLEGJ(l, NR); StdLEG3(2, NR); StdLEC3(J, HR);
StdLEG3(4, HR); StdLEG3(5, NR); StdLEG3(6, tIR); stdLEG3(7, NR); StdLEG3(8, HRI; StdLEGJ(9,
NR); StdLEG3(lO, HRI; StdLEG3(ll, NR); StdLEG3(12, HRl
PRINT 17,
PRINT '7, " LEG4 .. Energy of Link 4: Jatiluhur Hydro Electric Power"
PRINT #7,
PRINT 11, " N'{ear Kay Jun .luI Aug Sep OCt Nov Cec Jan
Feb Mar Apr"
PRINT 17,
FOR NYear .. 1 TO NIYear
PRINT 17, USING """,.'''; NYear; LEG4 (1, NYear); I,EG" (2, NYear); LEG" (J, NYear);
LEG4 (4, KYear); LEG4 (5, KYear); LEG4 (6, KYear); LEG4 (7, KYear); LEG .. (8, NYear); LEG4 (9,
K'tear); LEG" (10, N'tear); LEG4 (11, "'tear); LEG4 (12, NYear)
NEXT NYelir
PRINT #7.
PRINT #7," NR Hay Jun Jul Aug Sep Oct Nov Dec Jan
Feb Mar Apr"
PRINT '7, "Minimum ot LEG.. "
PRINT #7, USING """,.,''; NR; MinLtC4(l)j MinLEC4(2)i MinLEG4(l)i MinL£G4(4);
MinLEG4(5); MinLEG4(6); KinLEG4(7); MinLEG" (8); MinLtC4 (9); "inLte" (10); MinLtG4 (111;
MloLEG" (12)
PRINT '7, "ALEG4 - Averllqe of LEG4"
PRINT 17, USING """'.~"; NR; ALEG4(l, NRlj ALEG4{2, NR); "'LEG4(3, NRI; ALEG4(4,
NR); ALEG4(5, HR); ALEG4(6, NR)i ALEG4(7, NR); ALEG4(8, NR); ALEG4(9, NR); ALEG4(10. HRj;
ALEG4(ll, NR); ALEG4(12, NRj
PRINT ", "Maximum ot LEG4"
PRINT 17, USING """,.," i NRi HaxL!:G4 (1); HaxLEG4 (2); HaxLEG4 (3); MaxLEC4 (5);
MaxLEG4 (5); MaxLEG4 (6); MaxLEG4 (7); MuLEG4 (8) i MaxLEG4 (9); HaxLEG4 (10); HuLEG" (11) ;
2"
t4axLEG4(12)
PRINT 17, "StdLEG4 • Standard Dev. of LEG4"
PRINT 17. USIHG "11111.1"; NR; StdLEG4(l. HR); stdLEG4(2, NR); StdLEG4(J, Nft);
StdLEG4(4, Nft); StdLEG4(5, Hft); StdL£G4(6, HR); StdLEG4(7. Nft); StdLEG4(8, NR); StdLEG4(9,
Hn); StdLEG4(10. HR); StdLEG4(11. Hft); StdLEG4(12, Hft)
PRINT #7,
PRINT #7, "TE - Total Energy at Saguling, cirata and Jatiluhur"
PRINT 17,
PRINT 17," HYear Hay Jun Jul Aug Sep Oct Hov Oec Jan
Feb Mar Apr"
PRINT 17,
FOR NYear =z 1 TO HI Year
PRINT 17, USING "11111.1"; NYear; TE(l, NYear); TE(2, NYear); TE(J, NYear); TE(4,
NYear); TE(S, NYear); TE(6, NYear); TE(7, NYear); T£(8, NYear); TE(9, NYear); T£(10, NYear);
TE(ll. NYear); TE(12, NYear)
NEXT NYear
PRINT 17.
PRINT 17," NR May Jun .luI Aug Sep Oct Hov Dec Jan
Feb Mar Apr"
PRINT #7. "Hinillum ot TE"
PRINT 17. USING "11111.1"; HR; MinTE(l); MinT£(2); HinTE(J); HinTE(4); HinTE(5);
MinTE(6); MinTE(7); "inTE(8); MinTE(9); "1nT£(10); HiuTE(ll); MinTE(12)
PRINT #7. "ATE. Average ot TE"
PRINT #7. USING "11111.1"; HR; ATE(l. NR); ATE(2, HR); ATE (3 , Hft); ATE(4, NR);
ATE(S. NR); ATE(6, HR); ATE(7, HR); ATE(8, HR); AT£(9, Nft); ATE(lO, HR); ATE(l1, NR); ATE(12,
"R)
PRINT 17. "Maxi.um of TE"
PRINT 17, USING "11111.1"; NR; MaxTE(I); MaxTE(2); MaxTE(J); HaxTE(5); HaxTE(5);
MaxTE(6); MaxTE(7). MaxTE(8); MaxTE(9); MaxTE(lO); MaxTE(ll); MaxTE(l2)
PRINT 17. "StdTE - Stltondard Dev. ot TE"
PRINT #7, USING "11111.#"; NR; StdTE(l, NR); StdTE(2, HR)i stdT£(3, HR)i StdTE(4,
NR); StdTE(5, NR); StdTE(6, NR); StdTE(1, HR); StdTE(8, HR); StdTE(9, NR); StdTE(lO, HR);




PRINT #16, "Aqun9 W.H. SOEKARNO"
PRINT #16, DATE$, TIME$
PRINTI16,
.............................................................................................."
PRINT #16, ". Output of Egy-Ctr Program"
PRINT 116, "."




PRINT /16, " ESUM - SUlMlary Files ot Link Ener9Y"
PRINT 116,
PRINT #16, " NYear May Jun Jul Auq Sep Oct Nov OtIc Jan
Feb Mar Apr"
PRINT 116, "ALEG2 - Averaqe of LEG2"
PRINT 116, USING "11111.1"; HR; ALEG2(l, HRI; ALEG2(2, NR); ALEG2(J, HR); HEG2(4,
HR); ALEG2(S, NR); ALEG2(6, HR); ALEG2(7, HR); ALEG2(8, HR)j ALEG2(9, HRI; ALEG2(lO, HR);
ALEG2(1l, HR); ALEG2(12, HR)
PRINT 116, "TALEG2 (NR)"; HRi TALEG2(NR)
PRINT /16, "ALEGl - Average ot LEGl"
PRINT /16, USIHG "11111.1"; NR; ALEGJ(l, HR); ALEGJ(2, HR); ALEG3{J, HR); ALEGJ(4,
NR)i ALEG3(5, HR); ALEGJ(6, NR); ALEG3(7, HR); ALEGJ(8, HR); ALEG3(9, HR); ALEG3(lO, HR);
ALEG3(11, HR); ALEG3(12, HR)
PRINT /16, "TALEG3(HR)"; HR; TALEGJ(NR)
PRINT /16, "ALEG4 - Average ot LEG4"
PRINT /16, USING "11111.1"; HR; ALEG4(l, HRI; ALEG4(2, HRI; ALEG4(J, HRI; ALEG4(4,
HR)i ALEG4(S, NR)i ALEG4(6, URI; ALEG4(7, HR); ALEG4(8, URI; ALEG4(9, HR)i ALEG4(lO, HR);
ALEG4 (11, NR); ALEG4 (12, HRI
PRINT /16, "TALEG4 (HR)"; HR; TALEG4 (HR)
PRINT /16, "ATE - Avera9_ of TE"
PRINT #16, USIHG "#1111.'''; HR; ATE(l, URI; ATE(2, HR); ATE{J, HR); ATE(4, HR);
ATE(5, HR); ATE(6, HR); ATE(7, HRI; ATE(e, HR); AT£(9, HR); ATE(lO, HR); ATE(ll, HR); ATE(12,
HR)
PRINT /16, "TATE - Total of Average of TE"




WRITE la, ALEG2(l, HRl, ALEG2{2, HRl, ALEG2(3, HR), ALEG2(4, HR), ALEG2{5, HHl,
ALEG2(6, HR), ALEG2(7, NRI, ALEG2(S, NR), ALEG2(9, HRI, ALEG2{lO, NRj, ALEG2(1l, NHl,
ALEG2(12, HRI
WRITE 18, ALEGJ(l, NR), ALEG3{2, HR), ALEG3(3, HRl, ALEG3(4, HRI, ALEG3{~, NRl,
ALEGJ(6, NRl, ALECJ(7, NRI, ALEGJ(S, NR), ALEG3(9, HRI, ALEGJ(lO, HRl, ALJ::G3(ll, NHj,
ALEGJ(12, HRl
WRITE 18, ALEG4(l, HR), ALEG4(2, NR), ALEG4(3, NR), ALEG4{4, NRj, ALEG4(5, NRI,
ALEG4(6, HR), ALEG4(7, NR), ALEG4(a, HRI, ALEG4(9, NRl, ALEG4(lO, NR), ALEG4(11, NRj,
ALEG4(12, HRl
WRITE #8, ATE(l, HRl, ATE (2 , HRl, ATE (3 , HRj, ATE(4, HRl, ATE(S, NRI, ATE(6, HRl,
ATE (7 , HRl, ATE(S, NH), ATE(9, HR), ATE(lO, HR), ATE(ll, HR), ATE(12, HR)
WRITE 18, stdLEG2(l, HRj, StdLEG2(2, N~), StdLEG2(3, HRj, stdLEG2(4, NRj, StdLEG2(5,
HR), stdLEG2(6, HR), StdLEG2(7, HRI, StdLEG2(8, HR), StdLEG2(9, NRl, StdLEG2(lO, HRl,
StdLEG2 (11, HR), StdLEG2 (12, NRj
WRITE #S, StdLEGJ(l, NR), StdLEGJ(2, NP), StdLEGJ(3, HRj, StdLEG3(4, HR), StdLEGJ(S,
HR), StdLEG3(6, NR), StdLEG3(7, NR), StdLEG":i8, NRI, StdLEGJ(9, NRI, StdL£G3(lO, HRl,
StdLEG3(11, NR), stdLEGJ(12, HRj
WRITE IS, StdLEG4 (I, HRl, StdLEG4 (2, HR), StdLEG4 (3, NR), StdLEG4 (4, HRI, StdLEG4 (5,
HRl, StdLEG4{6, NR), StdLEG4(7, HR), StdLEG4(8, HRI, StdLEG4{9, NRl, StdLEG4(lO, HR),
stdLEG4(11, HR), StdLEG4(12, NR)
WRITE #8, stdTE(l, NR~, StdTE(2, NR), StdTE(3, NRI, StdTE(4, NR), StdTE(5, HR),
stdTE(6, NR), StdTE(7, HRj, StdTE(8, NRI, StdTE(9, NR), StdTE(lO, NRI, StdTE{ll, NR),
StdTE(12, NR)
RETURN
,********************** ***** ***** ****** ***** ***"""" ,,*.*"**""" ""*""""""" .."",,Statistics.TEst
'** ************** ******* *"** ***** **** ***** **********. *" •• ""*" ••• ",, """""""""
statistics.TEst:
PRINT ,,---------------> S tat i s tic s . T est"












Jun Jul Aug Sep Oct Nov Oec Jan feb Nar
;~~~~~~;~;.:._-------------------Input. Data
CLOSE 18
OPEN "c: \eqy\EInputJ.dat" FOR INPUT AS 19 'input-output file
FOR NR - 1 TO IReplicate
INPUT 19, ALEG2(1, HR), ALEG2{2, HR), ALEG2(3, HRI, ALEG2(4, HR), ALEG2(5, NR),
ALEG2(6, HR), ALEG2(7, HR), ALEG2(S, HR), ALEG2(9, HRl, ALEG2(lO, HR), ALEG2(ll., HRI.
ALEG2(12, Hft)
IMPtn' 19, ALEG3(l, NR), ALEG3(2, NR), ALEG3(3, NRI, ALEGJ(4, NR), ALEG3(5, HR),
ALEG3(6, NR), ALEG3(7, HR), ALEG3(8, HR), ALEGJ(9, NR), ALEG3(lO, NRI, ALEGJ(ll, HRl,
ALEGJ(12, Kft)
IHPtrI' 19, ALEG4(1, NR), ALEG4{2, HR), ALEG4(J, NRI, ALEG4(4, NR), ALEG4(S, NR),
ALEG4(6. NR), ALEG4(7, Hft), ALEG4(8, NR), ALEG4(9, NR), ALEG4(lO, "RI, ALEG4{ll, HR),
ALEG4(12, KR)
INPUT 19, ATE(I, HR), ATE(2, HR), A'1'E(3, HRI, "TE(4, NRI, ATE{S, NRl, ATE(6, tlRl.
ATE(7, HR), ATE(S, HRI, AT£(9, NR), ATE(lO, NRl, ATE(ll, NRl, ATE(12, HR)
IHPUTI9, stdi-£G2(l, NRl, StdLEG2(2, HR), StdLEG2(J, HR), StdLECZ(4. "R), StdL£C2(S,
HR), StdLEG2 (6, HR), StdLEG2 (7, HR), StdLEG2 (S, NR), StdLEG2 (9, NR), StdL£G2 (10, ~:R),
StdLEG2(ll, NR), StdLEG2(12, NR)
INPUT 19, StdLEG3(l, HR), StdLEG3(2, HR), StdLEGJ(3, NRI, StdLEGJ(4, NR). StdLEG3(5,
NR), StdLEC3(6, HRI, StdLEG3(7, HR), StdLEG3(8. HR), StdLEG3(9, NRI, StdLEGJ(lO, NR).
StdLEGJ(ll, HR), StdLEGJ(12, HRl
,.)
IHPUT#9, StdLEG4(1, HR), stdLEG4(2, HRI, StdLEG4(3, HR), StdLEG4{4, HRl. StdLEC4(5.
HRl. StdLEG4(6, HR), StdLEG4(7, HRl, StdLEC4(8, HRI, StdLEG4(9, NRI, StdLEC4(lO, NR),
StdLEG4(11, HR), StdLEG4(12, HR)
IHPUT #9, StdTE(l, HR), StdTE(2. HR). StdTE(3. HRl. StdTE(4. NR), StdTE(5. HRl.





, ------------------------------ AvgAvg. Calc
AvqAvg. Calc:
DIK SALEG2(lOO). SStdLEG2(lOOl, AALEG2(lOO), AStdLEC2(lOO), SALEGJ(100l. SStdLEGJ(lOO)
DIM AALEGJ(100) , AStdLEGJ(lOO). SALEG4(lOO), SStdLEG4(lOO). AALEG4(lOO), AStdLEG4(lOO)
DIM SATE(lOO), SStdTE(lOO), MTE(lOO), AStdTE(lOO)
, ---------- Average of TE
FOR Month - 1 TO 12
SALEG2 (Month) G °
sStdLEG2 (Month) - 0
SALEeJ (Month) - 0
sStdLEGJ (Month) .. 0
SALEG4 (Month) = °




FOR Month "" 1 TO 12
FOR NR - 1 TO IReplicate
SALEG2(Month) - SALEG2(Month) + ALEG2(Month, HR)
SStdLEG2 (Month) - SStdLEG2 (Month) + StdLEG2 (Month. HR)
SALEGJ (Month) = SALEeJ (Month) + ALECJ (Month, HRl
SStdLEGJ (Month) = sStdLEGJ (Month) + StdLEGJ (Month, HRl
SALEG4 (Month) = SALEG4 (Month) + ALEG4 (Month. NR)
sStdLEG4 (Month) = SStdLEG4 (Month) + stdLEC4 (Month, NRJ
SATE (Month) - SATE(Month) + ATE (Month, NR)
sStdTE(Month) co sStdTE(Month) + StdTE(Month, NR)
NEXT NR
NEXT Month
FOR Month .. 1 TO 12
AALEG2 (Month) "" SAL~G2 i!'tonth) I IRepl icate
AStdLEG2(Honth) = sstdL~2(Month) I lReplicate
AALEG3 (Month) - SALEG3 (Month) I IReplicate
AStdLEG3 (Month) "" SStdLEG3 (Month) I IReplicate
AALEG4 (Month) .. SALEG4 (Month) I meplicate
AstdLEG4 (Month) - SStdLEG4 (Month) I IReplicate
AATE(Month) "" SATE(Month) I IReplicate





DIM SDALEG2S(lOO). SDStdLEG2S(IOO}, DALEG2S (IOOl. DstdLEG2S(100l. SDALEG3S(lOO)
DIM SDStdLEG3S(lOO), DALEG3S(lOO), DStdLEG3S(100), SDALEG4S(100), SDStdLEG4S( 100)
DIM DALEG4S(lOO), DStdLEG4S(lOO), SOATES(lOO). SDStdTES(100) , OATES(lOO), DStdTES(lOO)
FOR Month = 1 TO 100
SDALEG2S(Monthl = °
SDStdLEG2S (Month) - 0
SDALEG3S(Month) "" 0
SDStdLEG3S (Month) = 0
SDALEG4S(Konthl ... 0




FOR Month 1 TO 12
FOR HR 1 TO IReplicate
DALEG2S(Month) ... (ALEG2(Month, HR) - AALEG2(Month» ~ 2
SDALEG2S(Month) '" SOALEG2S(Month) + OALEG2S(Month)
DStdLEG2S(Month) = (StdLEG2 (Month, NR) - AStdLEG2 (Month) A 2
SDStdLEG2S{Month) - SDStdLEC2S{Honth) + OStdLI::G2S(Konth)
DALEGJS(Honth) ... (ALEGJ(Honth, HR) - AALEG3(Honth» A 2
SDALEG3S(Month) ... SOAL£G3S(Month) + OALEG3S(Month)
OStdLEG3S(Month) = (StdLEG3 (Month, HR) - AStdLEC3 (Month) l A 2
SDStdLEG3S(Month) "" SDStdLEG3S(Month) ... DStdLEG3S (Month)
DALEG4S(Honth) ... (ALEC4 (Month, HR) - AALEG4 (Month» A 2
SDALEG4S(Month) = SDALEG4S(Month) + DALEG4S(Month)
DStdLEG4S(Month) - (StdLEG4 (Month, NR) - AStdLEG4 (Month))
SDStdLEC4S(Month) = SDStdLEG4S(Honth) ... DStdLEG4S(Month)
DATES (Monthl = (ATE(Month, NRl - AATE(Monthl) A 2
SDATES(Month) "" SDATES(Monthl ... DATES(Honth)
DStdTES(Month) = (StdTE(Month. HRl - AStdTE(Month») " 2




, --------------------------------Std of StdTE
StdStd.Calc:
DIM VALEG2(lOO), StdALEG2(100). VStdLEG2(lOO). StdStdLEG2(100). VALEG3(100)
DIM StdALEG3 (100), VStdLEG3 (100), StdStdLEGJ (IOO). VALEC4 (laO), StdALEG4 (100)
DIM VStdLEG4 (100), StdStdLEG4 (1001. VATE(IOO}. StdA':'E( 100). VStdTE{lOO). StdstdTE( 100)
FOR Month = 1 TO 12
VALEG2(Honth) ... SDALEG2S(Month) I (IReplicate - 1)
stdALEG2 (Month) = (VALEG2 (Month» A .5
VStdLEG2 (Month) .. SDStdLEG2S(Month) I (IReplicate - 1)
StdStdLEG2(Konth) = (VStdLEC2(Month) A .5
VALEGJ(Month) ; SDALEGJS(Honth) / (IReplic.::te - 1)
StdALEGJ (Month) - (VALEG3 (Month») ~ .5
VStdLEG3(Month) - SDStdLEGJS(Month) / (IReplicate - 1)
StdStdLEG3 (Month) ; (VStdLEG3 (Month») ~ .5
VALE~4(Month) = SDALEG4S(M::mth) / (IReplicate - 1)
Std.\.LEG4 (Month) = (VALEG4 (Month» ~ .5
VStdLEG4(Month) "" SDStdLEG4S(Month) I (IReplicate - 1)
StdStdLEG4 (Month) ; (VStdLEG4 (Month) ~ • ~
VATE(l!onth) "" SDATES(Month) I (IReplicate - 1)
StdATE(Honth) :c (VAT:::(Month») ~ .5
VStdTE(Month) '" SDStdTES(Honth) I (INeplicate - 1)





PRINT #7, "AALEG2 "" "
PRIN'r 17, USING "',,11.'''; AALEG2(1); AALEG2(2J; AALEG2(J),; AALI::G~(4); AALI::G;':(~J;
AALEG2(6); AALEG2(7); AALEG2(8); AALEG2(9); AALEG2(10); AALEG2{11); AALEG2(12)
PRINT #7, "AStdLEG2 _"
PRINT 17, USING "/'''.1''; AStdLEG2(1); AStdLEC2(2); AStdLI::C2(-I); ASt.l11.I::C2(4);
AstdLEG2 (5); AStdLEG2 (6) ; AStdLEG2 (7); AStdLEG2(8); AStdLEG2(9); AStdLEC2 (101 ; AStdl.EG2 ( 1 I ) ;
AStdLEG2 (12)
PRINT 17, "AALECJ = "
PRINT #7, USING ""#11.#"; AALEGJ(l); AALEGJ(2); AALE:::GJ(l); AALI::t.:3(4); AALEG3('c»;
MLEG3(6); AALEGJ(7); AALEGJ(8); AALEGJ(9); AALEGJ(10); AALEGJ(ll); AALEG) I 12)
PRINT 17, "AStdLEG3 ;"
PRINT 17, USING "111".#"; AStdLEGJ{I); AStdLEG3(2): AStdLI::CJI·J); Ast.dJ.~;C·l(4);
AStdLEG3(5)i AStdLEGJ(6)i AStdLEG3(7): AStdLEGJ(8): ASt.dLECJ(~); ASttJI.EGJllu); Jo.StdU:(;J{JJ);
AStdLEGJ (12)
PRINT 17, "AALEG4 = "
PRINT 17, USING "11111.1"; AALEG4(1); AALEG4(2:)i AALEG4(); AALEG4(4)i AALEG4(!»;
AALEG4 (6) i AALEG4 (7); AALEG4 (8) i AALEG4 (9); AALEG4 (10); AALEG4 (11); AALEC4 (12)
PRINT #7, "AStdLEG4 .. "
PRINT 17, USING "11111.1"; AStdLEG4(1); AStdLEG4(2); AStdLEC4()); AStdI.EGol(4);
AStdLEG4 (5); AStdLEG4 (6) i AStdLEG4 0); AStdLEG4 (8); AStdLEG4 (9) i AStdLEG4 (10) ; AStdLI::G4 (II);
AStdLEG4 (12)
PRINT 17, "AATE - "
PRINT 17, USING "11111.#"; AATE(l); AATE(2); AATE(J}; AATE(4); AATE(5); AATE(6);
AATE(7); AATE(B); AATE(9); AAT£(l.O); AATE(l1); AATE(12}
PRINT #7, H AStdTE ",M
PRINT 17, USING "1"".'''; AStdTE(l); AStdTE(2); AStdTE(3); AStdTE(4); AStdTE(5);
AStdTE(6); AStdTE(7); AStdTE(8); AStdTE(9); AStdTE(lO); AStdTE(ll); AStdTE( 12}
TAATE = AATE(l) + AATE(2) + AATE()} + AATE(4) + AA1'E(5) + AATE(6) + AATE(7) + AATt:(8)
+ AATE(9) + AATE(10) + AATE(H) + AATE(l2)
PRINT 17, "TAATE"
PRINT 17, TAATE
PRINT #7, "St.dALEG2 = "
PRINT 17, ,;SING "###1#.1"; StdALEG2(1); StdALEG212); StdALI::G2(3}; StdALl:::G2(4);
StdALEG2(5); StcV.:;:'EG2(6); StdALEG2(7); StdALEG2(B)i StdALEG2(9)i StdALEG2(10); StdALEG.2{11)i
StdALEG2 (12)
PRINT #7, "StdStdLEG2 = "
PRINT 17, USING "1,'##.'''; StdStdLEG2(l); StdStdLEG2(2); StdStdLEG2(3); StdStdLEG2(4) i
StdStdLEG2 (5); StdStdLEG2(6); StdstdLEG2 (7); stdstdLEG2(8); StdStdLEG2 (9); StdStdLEG2 (10);
StdStdLEG2 (11); StdStdLEG2 (12)
PRINT #7, "StdALEGJ - "
PRINT 17, USING "11111.#"; StdALEG3(1); StdALEG3(2); St:dALt;C3P); StdALEG3(4);
StdALEG3 (5); stdALEGJ (6); StdALEG3 (7); StdALEGJ (8) i StdALEGJ (9); StdJl.LEC3 (10); StdALEG3 (1 J);
StdALEG3 (12)
PRINT 17, "StdStdLEG3 - "
PRINT #7, USING "#11#1.#"; StdStdLEGJ(l); StdStdLEG3(2); StdStdL.l:::C3(3)i StdStdl,.l:::Gl(ol)i
StdStdLEG3(5); StdStdLEG3(6); StdStdLEG3(7)i StdStdLEG3(8); StdStdLEC3(9); Std~tdLEG3{lO);
StdStdLEG3 (11); StdStdLEGJ (12)
~t>8
PRINT 17, "StdALEG4 - ..
PRINT 17, USING "11111./"; StdALEC4(1); StdALEG4(2); StdALt:C4{J)i t:tdAI.I::G4(4)i
StdALEG4 (5); StdALEG4 (6) ; StdALEG4 (7); StdALEG4 (8) i StdALEG4 (9) i StdALI::C4 (10); SldJ\U:G4(1 J);
StdALEG4(12)
PRINT 17, "StdStdLEC4 _ ..
PRINT 17, USINC "11"'./"; StdStdLEG4(1); StdStdLEC4(2)i StdStdLEC4(J)i ~tdStdl,I::C4(4)i
StdStdLEG4(5); StdStdLEG4(6); StdStdLEG4(7); StdStdLEG4(8); StdStdLEG4(9)i StdStdLt:G4(lO)i
StdStdLEG4 (11); stdStdLEC4 (12)
PRINT 17, "StdATE - "
PRINT 17, USING ","II.'"i StdATE(l)i StdATE(2); StdATE(J); StdA1'E(4)i StdATE(!));
StctATE(6); StdATE(7); StctATE(8); StdATE(9); StdATE(lOI i StdATE(ll) i StdA"E(121
PRINT 17, "StdStdTE· "
PRINT 17, USING ·/"".I"i StdStdTE(l); StdStdTE(2); StdStdTE(J)i StdStd'rE(4)i




PRINT /16, "Agunq W.M. SOEHARNO"
PRINT #16, DATE$, TIME$
P R I N 'I' I 1 6 ,
,,"'•••"'."''''.'''''''''•••••••'''.'''''' •••''''''.''''''''''''•••••••••••••••'''.* .., "
PRINT /16, .... Out.put of Ecjy-Ctr Pr09'r31l1"
PRINT /16, " .. "
PRINT /16, ,,-----------------------> Statistics.Test"
PRINT/ ... ,
..... "'."''''•••••••••• ''' ••• ''' ••••••••••••••••••••••••••••••••••• " •••••••••••••••••••••••• •••••• It t ...
PRINT '16,
PRINT /16, "AALEG2 • "
?RINT #16, USING "11111.1"; AALEC2(1)i AALEG2(2)i AALEG2(J); AA1.EG2(4); AAI.I::C2(~J;
AALEG2(6); AALEG2(7li AALEG2(8); AALEG2(91; AALEC2(lO)i AALEG2(1l); AAJ,t:C2fI2)
TAALEG2 ... AALEG2(1) + AALEC2(2) + AALEC2lJ) + AALEC2(4j + AAL~G2(~J .. AALt:G2(t.J
AALEG2(7) + AALEG2(8) + AALEC2(9) + AALEG2(lO) + AALEG2(1l) + AALEG2(12)





















PRINT 116, USING "11111.1"; StdALEG2(1); StdALEG2(2); StdALEG2(J); StdALEG2(4J;
StdALEG2 (5); StdALEG2 (6); StdALEG2(7); StdALEG2 (8) ; StdALEG2 (9); StdALEG2 (10l ; StdALEG2 (Ill;
StdALEG2 (12)
PRINT 116, "AALEG3 ,.. If
PRINT 116, USING "11111./"; AALEG3(l); AALEG3(2); AALEG3(3); AALEG3(4); AALEGJ(~);
AALEG3(6); AALEG3(71; AALEGJ(B); AALEG3(9); AALEG3(10); AALEGJ(ll); AALEG3(12)
'rAALEG3 = AALEGJ(l) + AALEGJ(2) + AALEGJ(J) + AALEGJ(4) + AALEGJ{5} t AALEGJ(6) ,
AALEG3(7) + AALEGJ(8) + AALEGJ(9) + AALEGJ(10) + AALEGJ{ll) + AALEGJ(12)
PRINT #16, "StdALEG3 .. "
PRINT 116, USING "11111./"; StdALEGJ{l); StdALEGJ(2); StdALEGJ(3); StdALEGJ(4);
StdALEG3 (5); StdALEG3 (6); StdALEG3(7); StdALEG3 (8) ; StdALEGJ (9); StdALEGJ (10); StdALEG3 (11);
StdALEG3 (12)
PRINT 116, "AALEG4 .. It
PRINT 116, USING "11111./"; AALEG4(1); AALEG4(2}; AALEG4(3); AALEG4(4); AALEG4(5);
AALEG4(6); AALEG4(7); AALEG4(8}; AALEG4(9); AALEG4(10); AALEG4(11); AALEG4{l:.!)
TAALEG4 = AALEG4(1) + AAL£G4(2) + AALEG4(31 + AALEG4(4) + AALEG4(5) + AALEG4(6) t
AALEG4(7) + AALEG4(8) + AALEG4(9) + AALEG4(lO) + AALEG4(1l) + AALEG4(12)
PRINT #16, "StdALEG4 .. "
PRINT 116, USING "11111.'''; StdALEG4 (1); StdALEG4 (2); StdALEG4 (J); StdALEG4 (4);
StdALEG4 (5); StdALEG4 (6); StdALEG4 (7); StdALEG4 (8) ; StdALEG~ (9~; StdALEG4 (IO); StdALEG4 (11) ;
StdALEG4 (12)
PRINT #16, "AATE .. "
PRINT #16, USING "11111.1"; AATE{l); AATE(2); AA1'EP); AAT:E(4); AATE(S); AATE(6);
AATE(7); AATE(S); AATE(9); AATE(10); AATE(ll); AATE(12)
PRINT '16, "StdATE" "
PRINT #16, USING "#1111.#"; StdATE(l); StdATE(2); StdATE(3); StdATE(4); stdATE(5);
StdATE(6); StdATE(7); StdATE(8); StdATE(9); StdATE{10); stdATElll); StdATE(12)
PRINT #16,
PRINT /16,
PRINT #16, "TAALEG2 = "
PRINT #16, "TAALEG3 = to
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